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1CHAPTER 1.  GENERAL INTRODUCTION
Commercial chicken (Gallus gallus domesticus) and turkey (Melleagris gollopavo)
production has been increasing in Iowa.  Production statistics provided by the National
Agricultural Statistics Service (2005) show that Iowa is a large producer of poultry.  Data
from December 2003 to November 2004 show that around 46.6 million laying hens and 10.9
million pullets were raised in the state while 11.6 million eggs were produced.  These
production levels make Iowa the leading state for egg layers and egg production in the
United States.  Commercial turkey production over the same period of time totaled 8.5
million birds for a total of 121.6 million kg produced, which ranks Iowa tenth in the United
States.  Commercial broilers are also raised in Iowa, but production levels are much lower
and reliable statistics are not available.
The large numbers of poultry raised in the state implies handling a large amount of
manure.  Poultry manure can be a beneficial source of crop nutrients for corn (Zea mays L.)
and soybean (Glycine max Var. Merr.) production.  Poultry manures typically have higher
nutrient concentrations and lower water concentration than other manure types (Wilkinson,
1979).  The dryness and high nutrient concentration makes poultry manure easier and more
efficient to transport over large distances (Bosch and Napit, 1992).  However, variable
nutrient concentration, uncertainty about the plant-availability of the nutrients, potential
nutrient loss during storage and application, and odor issues impair use of manure as a
nutrient source for crops (Wilkinson, 1979; Simpson, 1991).
Poultry manure can contain significant amounts of N, P, K, S, and other plant
nutrients (Sims and Wolf, 1994).  In 2-year corn-soybean rotations, farmers typically apply
manure at rates that would supply the N needs for corn or less.  Applying N-based poultry
2manure, mainly that from egg layers, for corn typically leads to over application of P, which
in turn, can lead to a large build-up of extractable P in the soil.  Also, large applications of
nutrients can increase nutrient loss from fields, especially N and P, that can be detrimental to
aquatic ecosystems (Edwards and Daniel, 1992; Sharpley, 1999).  These factors result in a
significant challenge for poultry producers and manure users for marketing, hauling, and
utilizing manure as a nutrient resource instead of a waste product.
Few studies have been conducted in the United States to assess the availability of
poultry manure P for crops and all were conducted in regions with very different climates or
soil types compared with Iowa and the Corn Belt.  Several studies in southern and Atlantic
regions have used indoor or field rainfall simulation techniques to study potential P loss with
surface runoff after poultry manure is applied to soil, but most involved application to
pasture or the soils differed greatly from dominant soils in Iowa and the Corn Belt.  Scarce
previous Iowa research to study nutrient availability of poultry manure for crops or impacts
on water quality has focused only on N issues or on P loss through tile drainage.  Therefore,
the objectives of this research were to assess the value of poultry manure P application for
corn production while at the same time assess impacts on soil P concentration and P loss
with surface runoff for runoff events immediately after manure application.
DISSERTATION ORGANIZATION
This dissertation is presented as a series of three papers intended to be published in
journals from the American Society of Agronomy.  The titles of the papers are “Evaluation
of poultry manure phosphorus availability for early growth and phosphorus uptake by corn”,
“Evaluation of poultry manure for increasing corn grain yield, grain phosphorus
3concentration, and soil test phosphorus after corn harvest”, and “ Potential risk of phosphorus
loss with surface runoff immediately after poultry manure application”.  Each paper includes
an abstract, introduction, materials and methods, results and discussion, conclusions, and
references.  The papers are preceded by a general introduction and proceeded by general
conclusions.
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4CHAPTER 2. EVALUATION OF POULTRY MANURE PHOSPHORUS
AVAILABILITY FOR EARLY GROWTH AND PHOSPHORUS UPTAKE BY CORN
A paper to be submitted to Agronomy Journal by
D.E. Kaiser and A.P. Mallarino
ABSTRACT
Little information is available on the early effects of manure P from poultry [both
chicken (Gallus gallus domesticus) and turkey (Melleagris gollopavo)] on corn (Zea mays
L.) production.  This study assessed the effects of poultry manure application rates
commonly used by Corn Belt crop producers on corn early growth and early availability of P. 
Twelve trials were established across Iowa where three rates of P (0, 25, and 50 kg P ha-1)
were superimposed on three poultry manure rates (from broilers, egg layers or turkeys)
consisting of a non-manured control and two rates that varied between (low 21-63 kg total P
ha-1 and high 50-123 kg total P ha-1).  Treatments were replicated three times.  The above-
ground parts of corn plants and soil samples were collected at the V5 to V6 growth stage. 
Plant samples were dried, weighed, and analyzed for P concentration.  Soil samples were
analyzed for Bray-P1 (BP), Mehlich-3 (M3P), Olsen P (OP), and water-extractable P (WEP). 
Corn early growth and P uptake usually were increased by manure and fertilizer P, even in
several sites with high initial soil P levels.  Analysis of results at each site and for
approximately similar rates of poultry manure and fertilizer P across sites provided no
evidence that manure or fertilizer differed in increasing early growth or P uptake.  Early
plant growth and P uptake responses were poorly correlated with soil-test P (STP) measured
5at the V5-V6 growth stage.  The soil tests did not detect a statistically significant soil P
increase due to manure or fertilizer P application at some sites due to very high variability. 
The BP, M3P, and OP tests detected approximately similar manure and fertilizer P effects on
STP.  However, the WEP test detected manure P effects on soil P only in the few sites where
there manure had highest percentage of water-soluble P.  Overall, the study did not provide
evidence for a difference between poultry manure and fertilizer P at increasing early corn
growth and P uptake.  Also, the study showed that the WEP soil P test was inferior to the
routine P tests at assessing available poultry manure P for corn but could be more appropriate
for assessing risk of dissolved P loss after manure application.
Abbreviations: BP, Bray-P1; M3P, Mehlich-3 P; OP, MTP, manure total P; MWSP, manure
water-soluble P; OP, Olsen P; STP, soil-test P; WEP, water-extractable soil P.
INTRODUCTION
The poultry industry has become a large percentage of the total animal production in
Iowa and both chickens and turkeys are raised in areas across the state.  Poultry manure has
become increasingly marketed as a fertilizer resource for corn and soybean (Glycine max
Varr. Merr.) production because it can be a valuable source of several plant nutrients (Sims
and Wolf, 1994).  Poultry manure has an advantage over other manures in that usually it is
drier and has higher concentrations of nutrients (Wilkinson, 1979).  However, poultry
manure differs from commercial fertilizer sources in that there is uncertainty about its
nutrient concentration, plant-availability of the nutrients, and more difficult handling and
application to the land.  Nutrient content in manure can vary due to many factors including
6animal size and species, housing and rearing management, ration fed, storage method, and
hauling method (Wilkinson, 1979).  Although tabulated average values for manure nutrient
content do exist, it is important that manure be tested prior to application (Killorn and
Lorimor, 2003; USDA Natural Resources Conservation Service, 1992).  A study by Dou et
al. (2001) showed that high numbers of samples (40 or more) would be required where
manure sources were not adequately agitated or mixed to obtain a satisfactory representative
sample, while three to five samples would be adequate with good mixing and agitation.
Manure is also different from fertilizers in that it contains both organic and inorganic
forms of some nutrients.  Organic nutrient forms may not immediately available for plant
uptake, but become available over time.  Barnett (1994) found organic P ranged from 41 to
88 and 30 to 60 percent in broiler and layer feces, respectively.  The wide ranges in organic P
in manures can lead to questions in P availabilities in manures.  In a review by Wilkinson
(1979), average P availability for broiler and hen manures were reported to be 94 and 88 %,
respectively.  Sharpley and Sisak (1997) found that P in poultry litter leachate was 42 % less
available than from P in KH2PO4.  In Iowa, recommended P availability from all manure
types is 60% in low testing soils and 100% when the manure is applied to maintain soil-test
high in P (Killorn and Lorimor, 2003).
Deficiencies of P early in the growing season can be problematic and are usually due
to cool and wet soils that limit root growth and plant P uptake.  Studies have shown that
broadcast or starter P fertilization can lessen P deficiency symptoms, increase early plant
growth, and increase early P uptake in corn (Mallarino et al., 1999; Kaiser et al., 2005).  Atia
and Mallarino (2002) looked at early plant growth in fields receiving swine (Sus scrofa
domesticus) manure.  They found that early plant growth and plant P uptake at the V5 to V6
7growth stage were increased by the lower rates of swine manure, while higher rates did not
further increase early growth.  McIntonsh and Varney (1972) found no significant increase in
early plant growth in fields amended with dairy manure.  Evans et al. (1997) found that both
liquid beef (Bos taurus) and swine manure increased plant P concentration.
Several studies have looked at the effects of poultry manure on plant nutrient uptake;
however, few have looked at this effect for corn production and in comparison to P fertilizer. 
Kingery et al. (1993) found P concentrations in littered tall fescue (Festuca arundinacea
Schreb.) pastures was higher than in non-littered pastures.  Sikora and Enkiri (2003) found
that dry matter yield and P uptake of tall fescue were no different when comparing poultry
litter compost to triple superphosphate.  Codling et al. (2002) found wheat (Triticum
aestivum L.) shoot concentration to be similar between poultry litter ash (burned litter) and P
fertilizer.  Adeli et al. (2005) found increases in corn biomass and P uptake from broiler litter
and commercial P fertilizers at R6, but did not see any significant differences between
sources.  Liebhardt (1976) found that increasing amounts of poultry manure increased corn P
concentrations for whole plants at V6, the sixth leaf at V12, and the ear leaf at silking.
Research has shown that application of poultry manure can significantly increase soil
P levels.  Several studies examined the changes in soil P from pastures with long histories of
poultry manure application (Kingery et al., 1993; Sharpley et al., 1993; Kingery et al., 1994;
Lucero et al., 1995).  All of these studies found large differences in soil P when comparing
areas receiving high application rates compared to areas where no manure had been applied. 
Adeli et al. (2005) applied poultry manure in increments of 40 kg ha-1 of plant available N
and found that P accumulated in the surface 15 cm of soil.  In their study, the highest rates of
284 kg P ha-1 increased soil by 66.7 mg P kg-1 to nearly double that of a control.  They also
8compared a similar rate of P applied as a commercial fertilizer and found similar soil test
increases compared to manure P.  Gascho et al. (2001) found that Mehlich-1 extractable P in
the top 15 cm of the soil profile increased from application of broiler litter alone under a
double-cropped rotation from four rates ranging from 0 to 13.5 Mg ha-1.  Wood et al. (1996)
examined the effects of poultry manure compared with similar rates of fertilizer P on
extractable soil P in a corn-wheat rotation.  They found larger increases in extractable soil P
in manured plots compared with fertilized.
Even though several studies showed increases in post harvest soil P after applying
poultry manure for crops, little or no work has evaluated the effect of manure P application
on corn early growth and early P uptake.  Therefore, the objectives of this study were to
evaluate the need for supplemental P fertilization for corn early growth and early availability
of manure P after applying poultry manure at rates commonly used by Corn Belt corn
producers.
MATERIALS AND METHODS
Twelve field trials involving various types and application rates of poultry manure
and various P fertilization rates were conducted during 2004 and 2005 in Iowa farmers’
fields.  The manure treatments were established using a replicated strip-trial methodology
following a randomized complete-block design.  The strips had a length of 152 to 562 m and
a width of 9.1 to 18.2 m that depended on available equipment and space.  The fertilizer P
treatments were superimposed to a small section of each manure treatment strip using a
conventional small-plot methodology.  The small plots had a length of 12 m in all sites and a
width of 4.5 to 5.8 m (five to six corn rows spaced 76.2 to 96.5 cm).  Therefore, the
9experimental design for the small-plot areas was a split-plot, randomized complete-block
design with manure treatments in main plots and fertilizer treatments in subplots.  Only data
from the small plots are presented and discussed.  Trial locations, soil types and selected soil
properties for the small-plot areas, and planting dates are listed in Tables 1 and 2.  All trials,
except for Site 1, had been managed with 2-year corn-soybean rotations.  Site 1 had been in
tall fescue pasture prior to planting corn.  Management practices (except for N, P, and K
fertilization) were those used normally by the farmers.  The fields were selected to represent
a wide range in STP.  All fields had histories of poultry manure application that were not
recorded by the farmers, although their comments and STP values indicated that manure
application rates applied, and the frequency of application, varied greatly across fields.
Treatments were three manure rates and four P fertilizer rates superimposed on each
manure treatment.  The manure rates were a non-manured control and rates intended to
supply 84 and 168 kg total N ha-1 based on total manure N information supplied by the
farmers, although the manure was sampled while being applied to better estimate amounts of
nutrients applied.  As will be discussed in detail later, the manure total P applied ranged from
21-63 kg total P ha-1 for the low rate and 50-123 kg total P ha-1 for the high rate.  Manure was
either purchased commercially or was supplied by the farmers.  Most manures (except for
egg layer manure used at Sites 2, 6, and 9) were mixed with some type of bedding material. 
Six manure samples were taken from different loads while the manure was being applied.
The samples were kept frozen at -4 oC for storage until chemical analysis.  Prior to analysis,
the manure was dried at 105 oC for 16 hr to determine moisture content and tested for total N
by EPA method 351.2 (US EPA Environmental Monitoring and Support Laboratory, 1979.),
total P (MTP) and K by a modified EPA method 3051 (US Office of Solid Waste, and US
10
National Technical Information Service, 1999.), pH (1:2 solids:water), and water soluble P
(MWSP) concentration (Kleinman et al., 2002).
Manure was applied with a broadcast spreader used by each farmer or custom
applicators.  The discharge system was a double spinner, flail-type rear discharge, or side-
type discharge (Table 3).  All spreaders were calibrated by project personnel outside the trial
areas just prior to manure application by weighing the application equipment using portable
scales before and after spreading manure over a length of at least 33 m and adjusting the
speed and/or applicator mechanisms to apply the desired low rate.  One to three spreader
passes were used in each strip depending on application width.  Border rows were included
in each strip to limit application into the center rows of adjacent strips.
The fertilizer P was applied to small plots superimposed on the manure strips as triple
superphosphate [0-20-0 (N-P-K)] at rates of 0, 25, and 50 kg P ha-1 to all strips.  In the
control strips, a fourth rate of 75 kg P ha-1 was applied since Iowa State University
recommendations suggest higher P application rates in soils testing Low in P (Sawyer et al.,
2002).  The small plots were established centered along the width of each strip and at least
20 m inside the front and back edges to avoid effects of neighboring strips and of uneven
manure application near the edges.  Fertilizer P was applied by hand at the time of manure
application, except for Site 1 and 7.  At Site 1, fertilizer was applied in spring while the
manure was applied the previous fall.  At Site 7, fertilizer was applied in the fall before the
manure was applied because an applicator problem delayed manure application until early
spring.  Potassium was applied as a single uniform rate of 56 kg K ha-1 across all the small
plots at the same time fertilizer P was applied.  Nitrogen (as ammonium nitrate) was applied
11
to the soil surface at a rate of 168 kg N ha-1 across all plots between the VE to V1 growth
stages (Ritchie et al., 1986).
Early corn growth was determined by sampling the above-ground portions of 10
plants from non-harvested rows of the small plots at the V5 to V6 growth stage.  Plants were
dried at 65 OC in a forced-air oven, weighed, and ground to pass through a 2 mm sieve.  Plant
material was digested using a H2SO4-H2O2 method (Digesdahl Analysis System, Hach Inc.,
Boulder, CO) and P in extracts was determined by the Murphy and Riley (1962) colorimetric
procedure.  Early plant P uptake was calculated from plant mass and P concentration data.
To measure initial soil P, a composite soil sample of 12 soil cores was taken from the
0-15 cm layer of the soil from the small plot areas of each strip prior to manure application. 
Samples were tested for P by the BP, Olsen, and Mehlich-3 tests using a colorimetric P
determination method (Murphy and Riley, 1962), for K by the Mehlich-3 test, and for pH by
using a 1:1 soil:water ratio.  The laboratory procedures followed procedures recommended
for the North Central Region by the North Central Region Soil and Plant Analysis
Committee, NCR-13 (Brown, 1998).  Soil organic matter was measured using a combustion
method (Wang and Anderson, 1998).  Table 2 shows summarized information about initial
soil-test values.  Soil samples were taken again at the V5 to V6 corn growth stage (at the
same time plant samples were collected) from each small plot.  These samples were tested
for BP, M3P, OP, and pH using procedures identical to those used for the initial samples.  In
addition, WEP was determined by the procedure described by Pote et al. (1996), which
consisted on shaking 1 g of soil with 25 mL of deionized water for 1 h, centrifuging for 5
min at 266 m s-1 (27,100 x g), and filtering through Whatman no. 42 filter paper. 
12
The experimental layout was a randomized-block, split-plot design with manure
treatments in main plots and fertilizer P treatments in subplots.  Statistical analysis was
conducted using the PROC MIXED procedure in SAS (SAS Institute, 2000) assuming fixed
treatment effects and random block effects.  When either manure rate, fertilizer P rate, or
their interaction was significant (P # 0.10), differences in treatment means were tested by
using orthogonal comparisons.  For manure mean effects, comparisons were the average of
the two manured treatments versus the non-manured control and the difference between both
manured treatments.  For fertilizer P mean effects, comparisons were the average of all
fertilized plots versus the non-fertilized control, the difference between the 25- and 50-kg
rates.  The sums of squares of the interaction between manure and P fertilizer treatments 
were partitioned to assess P fertilizer effects for each manure rate using the rate comparisons
described above.  The CORR and REG procedures of SAS (SAS Inc. Raleigh, NC) were
used to assess relationships between selected measurements.
RESULTS AND DISCUSSION
Manure Analysis Variability
Summary information of manure sample analysis done to determine actual amounts
of nutrient applied is shown in Table 3.  Manure from broilers, egg layers, and turkeys were
collected from different feeding operations and, therefore, total P content in the manures
varied between sites using the same manure type.  The average manure nutrient
concentration for egg layers and turkeys departed significantly from average published
values (USDA Natural Resources Conservation Service, 1992; Killorn and Lorimor, 2003)
but not for broilers, which indicates the need for testing when applying manure to account
13
for nutrients applied.  For example, the suggested total P concentrations in Iowa for manure
“as is” (Killorn and Lorimor, 2003) are 17 and 14, and 9 g P kg-1 for egg layers, broilers, and
turkeys but in the study were 11, 14, and 12 g P kg-1.
Total P and MWSP concentration for the six samples collected at each site varied
considerably (Table 4).  The MWSP variation was higher than for MTP and ranged from 7 to
43% of the total P in manure.  Yet, there were clear differences in MWSP between manure
types: 16% for egg layers, 31% for turkeys, and 42% for broilers.  Wide ranges in MTP
concentrations can make it difficult to accurately formulate nutrient management plans and
account for nutrients applied to fields.  For example, at Site 4 the 95% confidence interval of
the mean is 26.0 to 32.5 g P kg-1.  Assuming this range and an average dry manure
application rate of 2.69 Mg ha-1 (assuming a as-is manure application rate of 4.48 Mg ha-1
and 4.0 g kg-1 H2O) , the resulting P application would range from 69.9 to 86.1 kg P ha-1. 
Ranges in application rates this high would be unacceptable for nutrient management
planning.  This illustrates the importance of taking good representative samples.  An
interesting observation is that the highest manure P analysis variability was not well related
with moisture content and generally coincided with sites where the manure was recently
removed from buildings, and was less variable for sites where we used manure that was sold
commercially.  Perhaps the additional handling needed for commercial use of the manure
results in further mixing and reduced variability.
Table 5 lists manure application rates and total amounts of nutrients applied for the
low and high fertilizer rates at each site.  The low manure rates applied more P than is
recommended for crop removal in a 2-year corn-soybean rotation (47 k P ha-1) assuming
average yields of 9.4 Mg ha-1 for corn and 3.4 Mg ha-1 for soybean (Sawyer et al, 2002) at
14
Sites 3, 4, 5, and 7.  The high manure rate applied more than this amount at all sites, and was
about twice this amount at Sites 3, 4, 5, and 7.
Early Corn Growth and Phosphorus Uptake
Table 6 shows  early corn growth responses to manure and fertilizer P treatments. 
Study of growth response to manure across all P fertilizer rates (manure main effect)
indicates a significant (P # 0.10) response at five sites (Sites 2, 7, 8, 10, and 11).  Study of
growth response to fertilizer application across all manure rates indicates that fertilizer
increased growth at four sites (Sites 2, 4, 7, and 9).  The average growth response to P
fertilizer at Site 4 seems a random result not related to a real fertilizer effect because the
significant effect is explained by lower growth for the low P fertilizer rate.  Neither the two
manure application rates nor the two P fertilization rates differed at any of the responsive
sites, which indicates that the low rates of both sources were enough to maximize early corn
growth at these sites.  However, analysis of possible interacting effects of manure by
fertilizer application should allow for a better interpretation of the results at some sites.
There were significant (P # 0.10) interaction effects only at Sites 5 and 10.  At Site 5,
although main effects of manure and fertilizer were not significant, the significant interaction
indicates a growth response only to manure alone or fertilizer alone.  At Site 10, although
both main effects were significant, interpretation of the interaction leads to the same
conclusion as for Site 5 because data show that application of both manure and fertilizer did
not increase growth compared with the untreated control or even decreased it slightly.
Therefore, after considering interactions and ignoring the unreasonable significant
fertilizer effect at Site 4, the results indicated an early corn growth response to P from
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manure, fertilizer or both at six sites.  There was response to manure but not to fertilizer at
Sites 8, 10, and 11; response to fertilizer but not to manure at Site 9; and response to both
manure and fertilizer at Sites 2 and 7.  A positive response to fertilizer but not to manure at
Site 9 (although there is a responsive trend from to 2.6 to 2.8 g plant-1 for both manure rates
without fertilization) suggests that little or no manure P was available for early growth.  This
could be explained by manure application only 2 days before planting corn (Tables 1 and 3). 
We cannot explain a positive response to manure but not fertilizer at Sites 8, 10, and 11. 
Because high rates of N and K were applied across all the plots, a response to manure N or K
seems unlikely, although it is possible.  Other nutrients in manure or undetermined manure
effects on physical soil properties could also explain this result.
Early growth responses occurred independently of soil test P levels.  Most responsive
sites tested High to Very High in soil P and only Sites 4 and 10 tested Low.  Other studies
have reported early plant growth responses to P fertilization even when soil P levels are
Optimum or higher (Rehm et al., 1988; Bermudez and Mallarino, 2002; Kaiser et al., 2005). 
Cool wet soil in spring has been identified as one factor that can have a large impact on early
plant growth response to P by limiting root growth and P uptake (Ritchie et al., 1995).  Sites
2, 8, 9, and 11 are characterized by aquic soil moisture regimes and limited drainage. 
Rainfall early in the spring (data not shown) at all these sites was high enough to leave the
soil wet early in the growing season.  The early growth response at Site 7, which tested Very
High in soil P and was better drained, could be explained by the no-till management at this
site because  additional P application, even surface applied P, could be needed to maximize
early growth in these conditions.
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Direct comparisons between manure and fertilizer P applied were difficult because of
the variability in total P applied by manure treatments.  Because manure was applied
according to total N, rates of P applied could not be exactly matched to rates applied in
commercial P fertilizer.  Even if manure rates had been defined according to P, it is almost
impossible to apply similar manure and fertilizer P rates under field conditions when the
sources are applied to large strips or even commonly sized conventional research plots. 
However, at most sites the P applied was within 5 kg P ha-1 for manure and  fertilizer.  Figure
1 shows a comparison between mean early corn growth at each site for P fertilizer and
manure P (Sites 4, 5, and 7 were not included because P applied with manure and fertilizer
differed greatly).  Regression analysis  shows that fertilizer P tended to increase early plant
growth slightly more than manure P; however, the slope of this line was not found to be
significantly different from 1.0.  This result provides no evidence that manure and fertilizer P
differ in availability for increasing corn growth early in the growing season. However, as we
noted before, study of growth responses for each site suggested that at least at Site 9 the
manure P was less available than fertilizer P, probably due to the short time period between
manure application and corn planting.  The data point for this site is one of the points that
departs more from the general trend in Fig. 1.
The P concentration of young corn plants was increased by manure or fertilizer at a
few sites (Table 7).  Study of statistics for main effects of manure and P fertilizer (average
effects of one P source across all rates of the other) would suggest that only the application
of P fertilizer increased plant P concentration.  Fertilizer P increased P concentration at 6
sites (Sites 1, 2, 6, 9, 11, 12).  At three sites (Sites 2, 6, and 11) both fertilizer rates increased
early plant P concentration over the control, but increases between rates (25 and 50 kg P ha-1)
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were not significant (Table 7).  At the other three sites, however, the highest fertilizer rate
significantly increased plant P concentration over the low rate.  Study of the data and
statistics for the interaction between manure and fertilizer indicates that manure did increase
early plant P concentration at Sites 2 and 4.  At both sites manure application increased plant
P concentration only when fertilizer P was not applied, although a responsive trend for
manure across all fertilizer rates was also observed at both sites.  We cannot explain the
reason for a response to manure but not fertilizer P at Site 4, where neither source increased
early growth.  We cannot explain with certainty either the very few P concentration
responses to manure P when there was a response to fertilizer P.  Soil-test P data did not
explain the results.  The results might be explained by P dilution/concentration effects caused
by differential effects of manure or fertilizer P on growth and P uptake, which have been
observed before in many fertility studies (for example, by Mallarino, 1996, and even earlier
in the classic study by Steenbjerg, 1951).  For example, manure increased early growth in
Sites 2, 5, 7, 8, 10, and 11 but increased plant P concentration at only Site 2 among these
sites and also at Site 4 (where growth was not increased).  On the other hand, fertilizer
increased growth only at four sites where manure increased it (Sites 2, 5, 7, and 10),
increased plant P concentration at the two sites where manure increased it, but also increased
plant P concentration five other sites (Sites 1, 6, 9, 11, and 12).  Therefore, it is possible, at
least at some sites, that larger plant growth response to manure than fertilizer resulted in
more frequent P concentration response to fertilizer due a concentration effect with the latter. 
Across all sites, early growth was poorly correlated with plant P concentration (r = 0.30).
Early plant P uptake responses to manure or fertilizer P integrated responses observed
for early plant growth and P concentration.  Either one or both main treatment effects were
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significant at five sites (Table 8).  Manure application alone significantly increased P uptake
at Sites 8 and 11, fertilizer application increased it at Sites 7 and 9, and both P sources
increased it at Site 2.  All main treatment effects that were significant for P uptake were also
significant for early plant growth.  In fact, early plant growth was significantly correlated (r =
0.98) with plant P uptake across all sites more so than was plant P concentration (r = 0.30).
Study of tests for possible interactions between manure and fertilizer treatments indicated
additional significant P uptake responses to manure but not to fertilizer.  Significant
interactions at Sites 1, 4, 5, and 10 were explained by plant P uptake responses to manure
application when fertilizer P was not applied.  Therefore, the results indicated more frequent
plant P uptake response to manure (Sites 1, 2, 4, 5, 8, 10, and 11) than to fertilizer (Sites 2, 7,
and 9).  This confirms our previous statement in that the responses of P uptake tended to
follow more closely the responses of plant growth then responses of P concentration. 
Comparisons between approximately similar fertilizer and manure P application rates
show that the magnitude of P uptake responses was slightly greater for fertilizer P than for
manure P (Fig. 2).  However, statistical analysis showed that the linear coefficient of the
relationship did not significantly differ from 1.  Therefore, this result provides no evidence
for differences between manure and fertilizer P  in increasing early plant P uptake.  This is
reasonable since P uptake was more a function of early plant growth than of plant P
concentration.
Treatment Effects on Soil Test Phosphorus
 Initial STP ranged from Low to High according to Iowa State University
classifications (Table 2).  Soil P values were determined from an average of samples taken
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from each small plot area, nine in total, prior to manure application.  Sites 1, 3, 4, and 10
averaged Low, Sites 5, 6, and 12 averaged Optimum, and Sites 2, 7, 8, 9, and 11 averaged
High to Very High in soil P according to the M3P test.  At most sites standard deviations of
soil P (Table 2) among soil samples from each site were low (5 mg P kg-1 or less).  However,
at Sites 7, 8, and 9 the within-site soil P variability was very high.  Such a high soil P
variability is common in manured fields, even over very small field areas. 
Changes in STP levels early in the growing season could be a useful for evaluating
plant responses during the growing season and also the potential risk for runoff during that
period.  Typically STP measurements are made after crop harvest to reflect changes
reflecting crop uptake of nutrients.  Also, study of in-season soil P after manure or fertilizer
application, although expected to be highly variable, can provide information as to how
different tests measure the effect of recent manure of fertilized P on soil P.
Observation of effects of one P source across all rates of the other (main treatment
effects) indicated that manure or fertilized P application increased soil P measured by BP
(Table 9), M3P (Table 10), and OP (Table 11) at the same six sites. The evaluation of
manure and fertilizer P effects were similar for the BP and M3P tests, and both described an
effect of manure P at Sites 3, 4, and 5 and an effect of fertilizer P at Sites 1, 2, 4, 5, and 6. 
The assessment by OP differed only at Site 4, where it did not detect a fertilizer P effect.  In
most cases for these six fields and P tests application of fertilizer increased soil P linearly,
which agrees with findings by other researchers (Li and Barber, 1988).  It is unclear why no
detectable differences were observed at other sites.  Also, in most cases P fertilizer
significantly increased soil P almost twice as many times as manure P application.  This
result can be explained by lower effect of organic P compounds in manure to increase
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extractable P early in the growing season or a partial failure of these extractants at evaluating
soil P in manured soils shortly after manure application.
Significant manure by fertilizer interactions on soil P sometimes were observed but
the interpretation often was not clear.  At Sites 1, 3, 5, and 7 there was a significant
interaction between manure and fertilizer for both BP (Table 9) and M3P (Table 10).  At Site
1, P application effects were larger when both P sources were applied.  At Site 3, fertilizer
treatment effects were significant only for the low manure rate, and application the highest
rates of manure and fertilizer increased soil P less than intermediate rates.  At Site 5, the
effect of P fertilizer was only significant for the low and high manure rates. Significant
interactions at Site 7 for both BP and M3P, at Site 9 for BP, and Site 10 for M3P, where
main effects were not significant, the interaction effects have no obvious interpretation
because no clear patterns are observed for fertilizer or manure.  A similar comment applies
for Sites 7 and 9, where an interaction was observed for OP.  We believe that these
interactions may result from variability in application of the manure or possibly variations in
the effect of manure P at increasing extractable soil P but most likely the former.
Observation of manure and fertilizer effects on WEP (Table 12) suggest that this test
assessed soil P differently than BP, M3P, or OP.  Manure rate significantly affected WEP at
Sites 3, 4, and 11 while fertilizer P increased WEP at most sites.  Moreover, orthogonal
comparisons (not shown) indicated that the high fertilizer rate increased WEP further than
the low rate in Sites 1, 2, 9, 11, and 12.  The only significant interaction, at Site 9, indicates
that WEP was clearly affected only by fertilizer P when manure was not applied. At sites
where manure increased WEP, the amount of MWSP applied tended to be the highest.  A
high rate of MWSP was also applied at Site 5, where there was a clear trend for a WEP
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response to manure (at P < 0.12).  Differences between the low and high manure rate were
significant only at Site 4.  The fact that WEP responses to fertilizer were more frequent than
for manure is notable because more total P was applied in manure compared with the high
fertilizer rates at many sites.  Therefore, the explanation of the results must be in the higher
solubility of P in the fertilizer compared with manure.
Overall, the results of soil P testing early in the growing season showed that manure
of fertilizer increased soil P in many sites, as expected, but not in all sites.  Because P
application rates were high enough for effects from both manure and fertilizer to be detected,
we believe that this unexpected result is explained by very large soil P variability shortly
after P application and commonly observed very high soil P variability in manured soils. 
Yet, the results were useful to show that the three routine soil P tests used in Iowa (BP, M3P,
and OP) usually provided similar assessments of manure and fertilizer P application on soil P
and that WEP measured less soil P than those tests when manure P was applied.  This result
could have important implications when these P tests are used to assess risk of P loss with
runoff by sampling shortly after manure or fertilizer P application.
Relationship Among  Plant Responses and Soil Test Phosphorus Values
Correlation analysis was used to further compare soil P measured by the four soil
tests and to study relationships between soil P and the plant measurements across all sites
(Table 13).  The three routine soil P tests were highly correlated (r = 0.85 to 0.96) with each
other across all sites.  The poorest correlation was between the BP and OP (r = 0.85) and the
best was between BP and M3P (0.96).  Correlations involving the WEP test were much
poorer than those involving the three routine test among themselves (r = 0.62 to 0.73).  The
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clear difference between the WEP test and the three routine test coincide with difference
observed for treatment effects on soil P measured by each test.  This differences between soil
P tests for soils receiving poultry manure are in agreement with results for soil receiving
liquid swine manure reported by Atia and Mallarino (2002), although the correlations
involving WEP were lower in our study.
Correlations between plant responses and STP at the V5 to V6 growth stages were
poor or  statistically not significant (Table 13).  Neither early growth nor early plant P uptake
were correlated with soil P measured by any of the four tests.  However, early plant P
concentration was significantly correlated with soil P measured by the four tests. 
Correlations with the BP and M3P tests were similar and higher (r = 0.48 and 0.47,
respectively) than for the OP and WEP tests (r = 0.39 and 0.38, respectively).  Overall, STP
was a poor indicator of plant growth responses.  The positive, but poor, correlation between
soil P and plant P concentration was explained mainly by P effects on plant P concentration
described in previous sections.  These correlations, regression analyses (not shown), and
results of treatments effects on soil P discussed in previous sections indicate that in-season
soil P testing was a poor index of manure and fertilizer effects on early P availability for
corn.  This conclusion is further supported by separate analysis (not shown) for manured and
fertilized plots, which showed similar poor relationships between soil P measurements and
early growth or P uptake measurements.
CONCLUSIONS
Study of the effects of poultry manure P and fertilizer P on early corn growth, P
concentration, and P uptake indicated that application of manure P at rates commonly
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applied by corn producers is sufficient to maximize early growth and P uptake of corn and
that additional fertilizer P is not needed.  The characteristics and objectives of this on-farm
study did not allow for precise measurements of manure P or fertilizer P efficiency at
increasing growth or P uptake.  However, analyses of treatment effects on plant
measurements at each site and of responses to approximately similar manure P and fertilizer
P application rates across sites provided no clear evidence for P availability differences
between poultry manure and fertilizer.
Use of in-season soil P testing was not useful to assess manure or fertilizer effects on
soil P or early plant growth and P uptake.  This was explained by very large variability and,
in some sites, manure or fertilizer P effects on soil P that did not result in plant responses. 
Moreover, manure or fertilizer increased soil P in many sites but not in several sites. 
Because P application rates were high enough for effects from both manure and fertilizer to
be detected, lack of P application effect on soil P was explained by very large soil P
variability shortly after P application and high initial soil P variability common to manured
soils.  The results were useful to show that the routine soil P tests used in Iowa (BP, M3P,
and OP) provided approximately similar assessments of manure and fertilizer P effects on
soil P and that WEP measured less P than these tests when manure P was applied.  This
result indicated that WEP was inferior to the routine P tests at assessing available poultry
manure P for corn but could be more appropriate for assessing risk of dissolved P loss
shortly after manure application.
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Table 1. Site location, tillage, and corn planting information.
Site Year County Planting Date Hybrid† Tillage‡
1 2004 Hamilton 23 Apr. P 34N44 ch
2 2004 Clay 23 Apr. DK C52-45 ch
3 2004 Bremer 28 Apr. NK N60-B6 fc
4 2004 Union 15 Jun. P 33P62 dsk
5 2004 Union 14 Jun. P 33P62 dsk
6 2004 Palo Alto 22 Apr. NK N46-J7 fc
7 2005 Greene 30 Apr. Pf 2750 nt
8 2005 Dallas 5 Apr. W 7563 fc
9 2005 Clay 30 Apr. DK C52-40 ch
10 2005 Cherokee 27 Apr. DK C52-47 ch
11 2005 Buena Vista 17 Apr. G 8535 dsk
12 2005 Cherokee 3 May DK C60-19 fc
† DK, Dekalb; G, Garst; NK, Northrup King; P, Pioneer; Pf, Pfister; W, Wyfells.
‡ ch, chisel plow; dsk, disk harrow; fc, field cultivation, nt, no-tillage.
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Table 2. Soil classification and initial soil test information.
Predominant Soil Soil Chemical Analysis
Site Series Subgroup M3P† WEP‡ K§ pH OM¶
--------------mg kg-1------------ g kg-1
1 Biscay Typic Endoaquoll 12 ± 4 4.6 ± 1.5 92 7.5 86
2 Marcus Typic Endoaquoll 28 ± 5 5.0 ± 1.6 142 6.2 61
3 Readlyn Aquic Hapludoll 14 ± 4 3.4 ± 1.0 156 7.4 33
4 Sharpsburg Typic Argiudoll 10 ± 5 1.2 ± 0.6 111 6.9 42
5 Sharpsburg Typic Argiudoll 11 ± 4 1.8 ± 0.4 220 6.5 47
6 Clarion Typic Hapludoll 17 ± 2 2.5 ± 1.0 102 6.5 50
7 Clarion Typic Hapludoll 31 ± 12 5.1 ± 2.2 115 6.4 29
8 Cylinder Aquic Hapludoll 25 ± 20 4.0 ± 4.1 178 6.5 52
9 Marcus Typic Endoaquoll 50 ± 16 10.2 ± 3.4 149 6.3 62
10 Galva Typic Hapludoll 14 ± 3 1.1 ± 0.5 130 7.0 43
11 Primghar Aquic Hapludoll 24 ± 5 1.9 ± 0.4 153 6.6 50
12 Galva Typic Hapludoll 17 ± 4 2.2 ± 0.7 169 6.2 42
†
 Average ± standard deviation of the Mehlich-3 P test for the nine initial soil samples
taken from each small plot area.
‡
 Average ± standard deviation of the water-extractable P test for the nine initial soil
samples taken from each small plot area.
§
 Mehlich-3 soil potassium.
¶
 Soil organic matter.
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Table 3. Manure types, application dates, and chemical analyses.
Chemical Analysis†
Manure Application‡ Phosphorus§
Site Type Date Method Moisture N Total MWSP K Ca pH
--------------------------g kg-1------------------------
1 T 12-Dec-2003 DS 523 54 23 7.8 26 43 8.0
2 L 16-Apr-2004 DS 515 56 19 3.2 19 181 8.0
3 T 6-Apr-2004 DS 478 56 25 7.5 28 40 7.4
4 B 30-Apr-2004 SS 493 56 29 12.1 41 39 7.7
5 B 3-May-2004 SS 484 62 26 11.2 40 32 7.1
6 L 16-Apr-2004 DS 529 47 19 3.1 18 215 8.1
7 L 9-Mar-2005 RF 152 45 18 3.1 27 122 8.2
8 L 15-Mar-2005 DS 163 42 16 3.7 25 128 8.3
9 L 28-Apr-2005 DS 459 77 16 1.1 17 110 7.6
10 T 10-Oct-2004 DS 351 51 20 5.6 22 38 6.6
11 T 15-Apr-2005 DS 390 45 22 6.7 24 47 6.8
12 T 26-Oct-2004 DS 364 42 18 6.0 20 35 8.2
Average by manure type
Broiler 489 46 28 11.7 41 36 7.4
Layer 363 53 18 2.8 21 151 8.0
Turkey 421 50 22 6.7 24 41 7.4
†
 Manure analysis on a dry weight basis.
‡ Manure type: B, broiler; L, egg layer; T, turkey. Manure application method: DS, rear mounted
double spinner; RF, rear discharge flail-type; SS, side discharge.
§
 Total, total P concentration; MWSP, water-soluble P concentration.
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Table 4. Average, minimum, maximum, and standard deviation for six
manure samples taken at each site.
Total P Water Extractable P
Site Avg Min Max SD† Avg Min Max SD
-----------g kg-1------------ -----------g kg-1------------
1 23.3 19.5 27.3 2.6 7.8 7.2 8.2 0.4
2 19.4 17.8 23.4 2.3 3.2 2.0 4.3 0.7
3 24.6 22.5 26.0 1.3 7.5 6.1 8.5 0.8
4 29.3 27.0 35.2 3.1 12.1 10.5 15.3 1.7
5 26.5 22.7 28.9 2.8 11.3 7.7 15.8 3.1
6 19.3 17.6 20.5 0.9 3.1 2.4 3.4 0.4
7 17.9 16.5 19.4 1.0 3.1 2.8 3.5 0.3
8 15.8 13.5 17.4 1.3 3.7 3.2 4.4 0.3
9 16.3 14.9 17.9 1.1 1.1 0.9 1.8 0.3
10 20.3 17.5 24.1 2.9 5.6 5.1 6.1 0.4
11 22.0 20.1 23.8 1.5 6.7 5.8 7.4 0.7
12 18.3 16.3 20.0 1.5 6.0 4.6 7.2 1.0
†
 SD, standard deviation.
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Table 5. Manure application rates and nutrients applied.
Total Nutrient Applied in Manure† 
Phosphorus
Rate† Nitrogen Total Water Soluble Potassium
Site Low High Low High Low High Low High Low High
--Mg ha-1-- ---------------------------------------kg ha-1----------------------------------
1 1.2 2.1 63 114 27 50 9 17 31 56
2 2.0 4.0 114 223 40 78 7 13 39 75
3 2.2 4.4 124 248 55 109 17 33 63 126
4 2.2 4.2 120 233 63 123 26 51 88 171
5 2.2 4.3 135 263 58 113 25 48 88 172
6 2.3 4.3 108 202 44 82 7 13 40 75
7 3.2 5.3 141 235 56 94 10 17 84 140
8 2.4 5.6 100 237 38 89 9 21 59 139
9 2.5 5.3 193 410 41 87 3 6 42 90
10 1.5 2.5 76 127 30 51 8 14 33 56
11 1.7 3.1 78 138 38 67 12 21 41 72
12 1.2 2.8 49 116 21 50 7 17 24 56
†
 On a dry weight basis.
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Table 6. Earlygrowth (V5 to V6) response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1  -----------------------------g Dry Weight plant-1----------------------------------
Control 0 2.8 1.4 3.2 5.8 6.1 3.2 2.5 1.5 2.5 1.2 1.0 1.7
25 3.1 1.8 3.6 5.2 7.8 3.2 2.7 1.2 2.6 1.3 1.1 1.8
50 3.5 2.0 3.3 5.5 7.3 3.0 3.0 1.8 2.9 1.5 1.1 1.7
mean† 3.1 1.7 3.4 5.5 6.9 3.1 2.7 1.5 2.6 1.4 1.1 1.7
Low 0 3.4 1.8 3.5 7.7 8.7 3.1 4.1 2.3 2.5 1.6 1.2 1.7
25 3.3 2.3 3.3 6.8 8.8 3.2 4.3 2.1 2.8 1.6 1.3 1.6
50 3.4 2.1 3.9 7.8 9.2 3.2 3.9 2.1 3.1 1.5 1.3 1.7
mean† 3.4 2.1 3.5 7.2 8.9 3.2 4.1 2.1 2.8 1.6 1.3 1.6
High 0 3.2 1.7 3.6 7.4 9.2 3.5 3.5 2.1 2.5 1.6 1.3 1.7
25 3.0 2.2 3.6 8.0 8.4 3.3 4.2 2.2 2.7 1.5 1.3 1.7
50 3.4 2.2 3.6 7.5 9.2 3.9 4.2 2.0 3.1 1.4 1.2 1.7
mean† 3.1 2.1 3.6 7.7 8.8 3.5 4.1 2.1 2.8 1.5 1.3 1.7
Mean ‡ 0 3.1 1.6 3.4 7.0 7.9 3.3 3.3 2.0 2.5 1.5 1.2 1.7
25 3.1 2.1 3.5 6.8 8.4 3.3 4.0 1.9 2.7 1.5 1.3 1.7
50 3.4 2.1 3.6 7.1 8.6 3.4 3.7 2.0 3.0 1.5 1.2 1.7
Statistical Significance (P > F)
Manure 0.34 0.09 0.75 0.19 0.20 0.43 0.07 0.10 0.79 0.03 0.05 0.83
Fertilizer 0.56 0.01 0.94 0.07 0.60 0.62 0.04 0.53 0.01 0.36 0.45 0.81
M x F 0.82 0.63 0.68 0.75 0.01 0.52 0.35 0.27 0.96 0.04 0.98 0.49
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 7. Early plant P concentration (V5 to V6)  response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 -----------------------------------------g P kg-1--------------------------------------
Control 0 3.5 3.9 3.9 2.9 4.4 3.7 3.8 4.1 4.4 4.0 3.5 3.9
25 3.6 4.7 3.9 3.1 5.0 3.9   3.7 4.1 4.4 4.1 3.9 3.8
50 4.1 4.1 4.1 3.2 4.6 3.9 3.9 4.3 4.6 4.4 3.7 4.1
mean† 3.7 4.3 3.9 3.1 4.6 3.8 3.8 4.1 4.5 4.2 3.6 3.9
Low 0 3.6 4.4 4.1 3.9 4.5 3.7 4.0 4.0 4.4 4.1 3.8 3.8
25 3.6 4.5 4.0 4.2 4.9 3.9 3.7 4.4 4.3 4.2 3.9 3.9
50 3.7 4.9 4.3 4.1 5.0 4.0 3.9 4.1 4.8 4.0 4.1 4.0
mean† 3.6 4.6 4.1 4.1 4.8 3.9 3.8 4.3 4.5 4.1 3.9 3.9
High 0 3.5 4.4 4.1 3.7 5.1 3.8 3.5 4.3 3.9 4.2 3.6 3.9
25 3.6 4.5 4.1 4.2 5.1 4.0 3.6 4.1 4.4 4.2 3.8 4.0
50 3.8 4.6 4.1 3.9 5.4 4.0 3.7 4.0 4.4 4.2 3.8 4.0
mean† 3.7 4.5 4.1 4.0 5.2 4.0 3.6 4.1 4.3 4.2 3.8 4.0
Mean ‡ 0 3.5 4.3 4.0 3.4 4.6 3.8 3.7 4.1 4.2 4.1 3.6 3.9
25 3.6 4.5 4.0 4.0 5.0 3.9 3.7 4.2 4.4 4.1 3.9 3.9
50 3.8 4.6 4.2 3.7 5.1 4.0 3.8 4.2 4.6 4.2 3.9 4.0
Statistical Significance (P > F)
Manure 0.89 0.22 0.29 0.21 0.41 0.48 0.37 0.80 0.15 0.60 0.25 0.80
Fertilizer 0.07 0.02 0.56 0.77 0.24 0.04 0.32 0.95 0.10 0.63 0.07 0.05
M x F 0.73 0.02 0.91 0.04 0.40 0.95 0.66 0.24 0.32 0.43 0.43 0.59
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 8. Early above-ground plant P uptake (V5 to V6) response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 ---------------------------------------mg P plant-1-----------------------------------
Control 0 9.8 4.7 12.7 16.3 27.1 13.3 8.3 6.2 11.0 5.0 3.6 6.2
25 11.6 8.4 13.9 16.1 38.7 13.2 9.8 4.8 11.7 5.8 4.4 6.6
50 14.3 8.4 13.3 17.5 33.6 11.8 11.8 7.5 12.8 6.4 3.9 7.0
mean† 11.6 7.5 13.2 16.5 32.3 12.8 10.2 6.2 11.7 5.8 3.9 6.7
Low 0 12.5 7.8 14.5 30.4 38.0 11.3 13.2 9.3 9.9 6.6 4.7 5.5
25 13.2 10.1 13.2 23.6 42.0 12.4 15.7 9.0 12.2 6.6 5.2 6.6
50 13.0 10.4 16.8 32.4 45.3 12.8 15.3 8.7 14.7 6.3 5.3 6.7
mean† 13.0 9.7 14.5 28.0 41.8 12.2 15.1 9.0 12.5 6.5 5.1 6.4
High 0 12.0 7.7 14.6 27.9 40.7 13.4 12.3 8.8 8.9 6.9 4.7 5.7
25 12.1 9.5 15.1 35.0 42.0 13.5 15.3 7.5 11.7 6.2 5.1 6.3
50 12.7 10.2 15.2 31.6 49.6 15.6 15.6 8.2 13.6 5.8 4.7 6.9
mean† 12.3 9.2 15.0 32.3 43.8 14.1 14.8 8.2 11.7 6.3 4.9 6.4
Mean ‡ 0 11.4 6.9 13.7 24.8 34.1 12.6 11.3 8.1 10.1 6.2 4.3 5.8
25 12.5 9.5 14.1 25.7 41.4 12.9 14.6 7.6 11.9 6.3 5.0 6.5
50 13.2 9.6 15.4 28.4 43.8 13.6 14.1 8.1 13.8 6.2 4.6 6.9
Statistical Significance (P > F)
Manure 0.56 0.03 0.43 0.30 0.28 0.29 0.74 0.07 0.68 0.21 0.02 0.86
Fertilizer 0.83 0.01 0.77 0.34 0.35 0.67 0.01 0.28 0.01 0.73 0.11 0.33
M x F 0.09 0.27 0.66 0.04 0.06 0.32 0.31 0.40 0.45 0.02 0.81 0.97
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 9. Bray-1 soil-test P (at the V5 to V6 plant growth stage) response to manure and
fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 ---------------------------------------mg P kg-1--------------------------------------
Control 0 23 63 36 10 13 21 50 34 79 33 42 30
25 28 72 42 14 19 30 32 54 72 30 40 27
50 36 80 42 16 24 40 47 57 76 32 42 28
mean† 29 72 40 13 18 31 43 48 76 32 42 28
Low 0 19 43 60 35 42 26 49 60 47 49 38 29
25 32 62 52 41 45 34 63 51 65 43 39 30
50 41 81 80 45 52 40 43 57 59 39 38 35
mean† 30 62 61 40 46 33 54 55 59 43 38 31
High 0 25 65 66 53 36 33 36 19 65 37 34 30
25 30 71 61 48 63 36 44 23 59 41 33 37
50 40 69 53 60 53 39 29 26 65 46 45 23
mean† 32 69 60 53 51 36 38 23 62 41 36 31
Mean ‡ 0 22 57 54 30 31 27 45 38 64 40 38 30
25 30 68 63 38 45 34 48 40 64 40 36 32
50 40 77 58 40 44 40 40 47 67 39 42 29
Statistical Significance (P > F)
Manure 0.81 0.51 0.02 0.01 0.07 0.47 0.19 0.24 0.49 0.23 0.68 0.75
Fertilizer 0.01 0.03 0.41 0.10 0.01 0.08 0.24 0.61 0.75 0.89 0.24 0.79
M x F 0.05 0.37 0.05 0.86 0.06 0.88 0.01 0.71 0.05 0.49 0.29 0.28
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 10. Mehlich-3 soil-test P (at the V5 to V6 plant growth stage) response to manure and
fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 ---------------------------------------mg P kg-1--------------------------------------
Control 0 29 69 36 10 15 21 72 50 88 45 44 34
25 47 87 46 14 21 31 44 66 81 36 51 30
50 56 78 47 17 28 41 66 67 84 41 45 31
mean† 44 78 43 14 21 30 60 61 84 41 47 32
Low 0 30 51 67 38 48 26 68 71 56 62 41 33
25 42 70 59 46 55 43 88 65 74 52 43 33
50 53 91 87 50 62 42 57 69 67 50 43 37
mean† 41 70 68 45 55 39 74 67 68 54 42 34
High 0 33 71 81 54 44 39 47 23 75 45 38 35
25 42 83 74 57 81 54 59 27 70 53 35 43
50 64 77 62 71 72 43 39 33 73 61 50 27
mean† 45 78 73 60 66 47 51 28 72 53 40 36
Mean ‡ 0 30 64 61 31 37 29 62 48 73 51 41 34
25 43 79 62 43 56 45 66 50 74 49 41 36
50 58 82 65 45 56 42 54 56 75 51 46 32
Statistical Significance (P > F)
Manure 0.70 0.67 0.01 0.01 0.07 0.28 0.22 0.24 0.54 0.33 0.43 0.79
Fertilizer 0.01 0.03 0.58 0.07 0.01 0.03 0.20 0.70 0.88 0.61 0.54 0.64
M x F 0.01 0.24 0.04 0.90 0.10 0.90 0.01 0.91 0.17 0.10 0.29 0.31
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 11. Olsen soil-test P (at the V5 to V6 plant growth stage) response to manure and
fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 ---------------------------------------mg P kg-1--------------------------------------
Control 0 24 34 26 4 10 16 27 21 42 24 21 18
25 35 40 32 6 13 21 20 28 37 20 24 17
50 40 41 32 9 17 27 27 29 39 22 22 17
mean† 33 38 30 6 13 21 25 26 39 22 22 17
Low 0 20 24 41 18 26 17 27 30 26 31 19 17
25 33 34 36 20 25 22 34 27 35 29 21 18
50 37 44 47 21 27 28 25 27 32 29 20 21
mean† 30 34 40 19 25 22 30 28 32 30 20 19
High 0 23 35 44 36 24 14 22 12 34 25 19 20
25 28 39 40 29 40 24 22 13 32 28 17 22
50 46 41 37 35 35 23 15 14 34 32 25 15
mean† 32 39 41 32 33 21 20 13 33 28 20 20
Mean ‡ 0 22 31 37 19 21 15 26 21 34 27 20 18
25 31 37 37 21 27 22 26 22 34 27 20 19
50 42 42 39 21 28 26 22 23 35 28 22 18
Statistical Significance (P > F)
Manure 0.75 0.59 0.07 0.01 0.06 0.86 0.22 0.21 0.46 0.28 0.59 0.82
Fertilizer 0.01 0.02 0.72 0.66 0.01 0.01 0.31 0.83 0.95 0.80 0.45 0.88
M x F 0.54 0.51 0.35 0.87 0.18 0.81 0.06 0.83 0.03 0.73 0.15 0.48
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 12. Water-extractable soil P (at the V5 to V6 plant growth stage)  response to manure
and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 ---------------------------------------mg P kg-1--------------------------------------
Control 0 9.3 12.0 6.7 0.7 2.5 3.7 4.0 6.3 11.0 5.3 2.3 3.3
25 14.0 16.0 9.0 0.7 3.0 7.0 10.0 5.7 15.0 7.0 3.0 4.3
50 18.0 18.0 8.3 2.0 4.5 9.7 7.7 7.7 14.0 5.3 4.3 6.7
mean† 14.0 15.0 8.0 1.1 3.3 6.8 7.3 6.6 13.0 5.9 3.2 4.8
Low 0 8.7 8.7 8.5 4.0 8.5 6.0 10.0 12.0 12.0 6.3 3.3 4.0
25 13.0 13.0 10.0 4.2 11.0 6.6 14.0 14.0 8.8 7.0 4.7 5.8
50 21.0 20.0 15.0 5.0 12.0 6.7 12.0 15.0 18.0 8.3 6.3 8.0
mean† 14.0 14.0 11.0 4.3 11.0 6.5 13.0 14.0 12.0 7.2 4.8 5.9
High 0 10.0 14.0 13.0 6.5 8.0 7.3 8.7 8.7 12.0 4.7 4.0 5.0
25 12.0 14.0 13.0 6.6 16.0 7.3 12.0 10.0 17.0 5.7 4.5 6.3
50 21.0 16.0 12.0 6.5 14.0 8.0 15.0 9.7 19.0 8.7 5.3 7.5
mean† 14.0 15.0 13.0 6.6 13.0 7.4 12.0 9.6 16.0 6.2 4.6 6.2
Mean ‡ 0 9.3 11.0 9.0 3.4 6.6 5.7 7.6 8.5 12.0 5.4 3.2 4.1
25 13.0 14.0 11.0 4.3 11.0 6.9 12.0 10.0 13.0 6.5 4.3 5.7
50 20.0 18.0 12.0 4.1 11.0 8.1 12.0 10.0 17.0 7.4 5.3 7.4
Statistical Significance (P > F)
Manure 0.93 0.78 0.09 0.01 0.12 0.70 0.26 0.53 0.37 0.38 0.05 0.45
Fertilizer 0.01 0.01 0.32 0.35 0.06 0.25 0.01 0.23 0.02 0.10 0.01 0.01
M x F 0.78 0.33 0.12 0.95 0.40 0.55 0.37 0.65 0.07 0.24 0.51 0.94
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 13. Correlation coefficients between measured variables across sites 
(n = 108).†
Measurement EG Plant P PUP BP M3P OP WEP
Plant P 0.30
PUP 0.98 0.46
BP -0.04 0.48 0.03
M3P -0.03 0.47 0.04 0.96
OP -0.02 0.39 0.05 0.85 0.88
WEP -0.01 0.38 0.06 0.62 0.68 0.73
pH -0.03 -0.23 -0.06 -0.05 -0.03 0.29 0.04
†
 Coefficients $ 0.16 are significant at P < 0.10.
EG, early growth;  Plant P, plant P concentration; PUP, P uptake;  BP, Bray-P1;
M3P, Mehlich-3;  OP, Olsen P;  WEP, water-extractable P; pH, soil pH.
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Early corn growth from P fertilizer (g pl-1)
0 1 2 3 4
Ea
rly
 
co
rn
 
gr
o
w
th
 fr
om
 
m
a
n
u
re
 
(g
 
pl
-
1 )
0
1
2
3
4
EG manure = 0.18 + 0.93(EG P Fert.)
r2 = 0.91  P < 0.01
Rates Comparison
< 5 kg ha-1
< 10 kg ha-1
Figure 1. Comparison of early corn growth (EG) across sites for approximately similar
manure and fertilizer P rates.
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Early corn P uptake from fertilizer (mg P pl-1)
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Figure 2. Comparison of early corn P uptake (PUP) across sites for approximately similar
manure and fertilizer P rates.
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CHAPTER 3: EVALUATION OF POULTRY MANURE FOR INCREASING CORN
GRAIN YIELD, GRAIN PHOSPHORUS CONCENTRATION, AND SOIL TEST
PHOSPHORUS AFTER HARVEST
A paper to be submitted to Agronomy Journal by
D.E. Kaiser and A.P. Mallarino
ABSTRACT
Poultry [including both chicken (Gallus gallus domesticus L.) and turkey (Melleagris
gollopavo)] manure has increasingly been marketed as a N and P fertilizer source for corn
(Zea mays L.) production in Iowa.  This study evaluated the potential need for supplemental
P fertilization after applying poultry manure and how various soil P extractants assessed soil
P after applying manure or fertilizer P and after crop harvest.  Twelve trials were established
across Iowa where three rates of P (0, 25, and 50 kg P ha-1) were superimposed on three
poultry manure rates (from broilers, egg layers or turkeys) consisting of a non-manured
control and two rates that varied between (low 21-63 kg total P ha-1 and high 50-123 kg total
P ha-1).  Treatments were replicated three times.  Corn grain yield, grain P concentration, and
P removal were measured.  Soil samples were taken after harvest and analyzed with the Bray
P1 (BP), Mehlich-3 (M3P), Olsen (OP), and water-extractable (WEP) P tests.  Application of
manure or fertilizer increased yields at most sites initially testing Optimum to Low in P. 
Yield increases were not observed beyond the lowest manure and fertilizer application rates. 
Supplemental P fertilizer did not increase yields after applying poultry manure alone. 
Manure or fertilizer P increased grain P removal at many sites in spite of yield response or
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the initial soil-test P (STP) level.  Soil-test P was increased by fertilizer P at more sites
compared with manure P.  Differences in STP between low and high fertilizer or manure
application rates usually were detected by all tests.  However, STP responses to manure
application mainly were observed at sites were P application rates were the highest.  The
WEP test detected differences due to manure application at fewer sites than the BP, M3P,
and OP tests, reflecting differences in water-soluble P between fertilizer and manure.
Abbreviations: BP, Bray-P1; M3P, Mehlich-3 P; MTP, manure total P; MWSP, manure
water-soluble P; OP, Olsen P; STP, soil-test P; WEP, water-extractable soil P.
INTRODUCTION
The poultry industry has been growing larger in Iowa.  Iowa raises significant
numbers of birds, ranking first in laying hens and egg production and around tenth in turkeys
production.  Census of agriculture data from 2004 (National Agriculture Statistics Service,
2005) indicates that 5,022,000 ha of corn and 4,252,500 ha of soybean [Glycine max (L.)
Merr.] were harvested during that year.  In 2005, 701,112,200 kg of N and 1,858,343 kg of P
were applied to Iowa cropland (National Agriculture Statistics Service, 2005).  The large
cropland area and the importance of the poultry industry make for an excellent opportunity to
utilize manures as a crop nutrient resource and not just a waste product.
Currently owners and operators of large-scale poultry facilities are marketing
manures as fertilizers to farmers.  Poultry manure contains higher contents of N and P per
weight basis compared to other kinds of manure (Wilkinson, 1979; Moore et al., 1995).  In
Iowa manure can be applied, and typically is, according to N needs of corn as long as risk of
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P losses are not too severe since N tends to be the most limiting nutrient for corn production.
One problem with N and P in manure is that a fraction may be in forms that may not be
available to crops in the year following application.  Iowa State University recommendations
state first-year nutrient availabilities to be 65% for N and 60% for P (Killorn and Lorimor,
2003).  Sharpley and Sisak (1997) compared the availability of poultry litter compost
leachate with KH2PO4.  They found litter availabilities to be between 52 to 61% based upon
soil characteristics (calcareous, slightly weathered, and highly weathered soils).  Moore et al.
(1995) stated that 75 to 80% of P in poultry manure is available.  Nutrient availability is most
likely related to organic nutrient forms in manures.  A study by Barnett (1994) found organic
P ranged from 41 to 88% in broiler and 30 to 60% in egg layer feces.  All these factors may
lead to uncertainties that may keep some farmers from utilized poultry manure as a fertilizer
source.
Many studies have focused on poultry manure as a P source for crops other than corn. 
Codling et al. (2002) looked at using poultry litter ash (ash residue left after poultry manure
was burned as a fuel to generate electricity) as a P source for wheat (Triticum aestivum L.)
production.  Equivalent rates of poultry litter ash and potassium phosphate were compared. 
Although wheat yields were not measured, the concentration of P in the shoots were higher
for poultry litter amended soils.  Sikora and Enkiri (2005) compared P uptake in tall fescue
(Festuca arundinacea) between poultry litter compost and triple superphosphate in a growth
chamber study.  Fescue yields responded to P but did not differ between sources.  Adeli et al.
(2005) found that soybean yields increased with increasing rates of broiler litter as well as N
and P fertilizer rates applying similar amounts of nutrients.  Over the two years of their study
they found that broiler litter increased yields more than commercial fertilizer.  Gascho et al.
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(2001) found that application of 1 Mg ha-1 of broiler litter increased yields of cotton
(Gossypum hirsutum L.), pearl millet [Pennisetum glaucum (L.)] and canola (Brassica napus
L.) as compared to a non-fertilized control and increased the value of crops produced by an
average of $42 ha-1 yr-1. 
Most studies focusing on corn responses have attributed most yield increases due to
N in manure.  Carreker et al. (1973) found that corn yield was maximized with 5.6 Mg ha-1 of
poultry litter and 145 kg N ha-1.  Shortall and Liebhardt (1975) found that poultry manure
increased corn yields at rates ranging from 90 to 168 Mg ha-1, after which yields began to
decrease.  They attributed yield decreases to increased salt concentration from high
application rates of manure.  In a following study, Liebhardt (1976) found that residual corn
yields following large poultry manure applications were not decreased.  Sims (1987) found
that corn N concentrations and uptake, and yield differences were seldom significant
between comparable rates of poultry manure and ammonium nitrate fertilizer.  Bitzer and
Sims (1988) found at one site that no grain yield differences were seen between poultry
manure and N fertilizer, but at another site yields were significantly less with poultry
manure.
Little research has been conducted examining the effect that poultry manure, or any
other manure source, has on increasing grain P concentration and removal in corn.  Iowa
research (Barbazan et al., 2002; Mallarino et al., 2005)showed that application of liquid
swine (Sus scrofa domesticus) manure P for corn or soybean at 16 fields tended to increase
oth grain P concentration and P removal in fields that tested below the upper limit of the
Optimum soil P interpretation class (20 mg BP kg-1).  The lowest manure P rate applied at
each site ranged from 69 to 169 kg P ha-1, and no responses to supplemental P fertilizer were
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found at any field.  Other work done with fertilizer P has shown a potential for luxury uptake
of P in grain (Mallarino, 1996).  Luxury consumption may be important in reducing excess
STP accumulation after manure or fertilizer application.
Since there is a high potential for over-application of P when manure is applied
according to N needs of corn, many studies have focused on studying changes in STP. 
Studies with corn (Liebhardt, 1976; Wood et al., 1996), soybean (Adeli et al., 2005), tall
fescue (Kingery et al., 1993; Kingery et al., 1994; Sikora and Enkiri, 2003), as well as other
crops (Sharpley et al., 1993; Lucero et al., 1995; Gascho et al., 2001) have shown large
increases in extractable soil P after application of manure.  Most of these studies compared
the effects of multiple manure rates on increases in STP after many years of application but
did not compare effects of comparable fertilizer P application rates.  However, Wood et al.
(1996) compared two rates of manure with a P fertilizer rate recommended for corn
production and found that STP was lower for the fertilizer treatment than for manure.
 Soil tests such as BP, M3P, and OP have been widely used to determine crop
response and fertilizer recommendations.  Atia and Mallarino (2002) examined how six P
tests (BP, M3P, OP, WEP, Fe-oxide impregnated filter paper, and resin extractable) assessed
effects of liquid swine manure on soil P and, although the tests extract different amounts of P
they found no statistical evidence for the assumption that these tests could assess manure P
effects differently.  Lucero et al. (1998) compared extractable P levels by the BP and M3P
tests and found no differences in both tests at measuring P in poultry litter amended soils.
No research has been conducted in Iowa to assess the value of poultry manure P as a
P source for corn or soybean production, and little research was conducted in other regions of
the U.S.A.  Therefore, the objectives of this study was to use poultry manure application
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equipment commonly used by producers in combination with conventional field-plot
research methods to assess the potential need for supplemental P fertilization for corn after
applying poultry manure and to study how various soil P tests assess soil P after applying
manure or fertilizer P and after crop harvest.
MATERIALS AND METHODS 
 Twelve field trials involving various types and application rates of poultry manure
and various P fertilization rates were conducted during 2004 and 2005 in Iowa farmers’
fields.  The manure treatments were setup using a replicated strip-trial methodology
following a randomized complete-block design.  The strips had a length of 152 to 562 m and
a width of 9.1 to 18.2 m that depended on available equipment and space.  The fertilizer P
treatments were superimposed to a section of each manure treatment strip using a
conventional small-plot methodology.  The small plots had a length of 12 m in all sites and a
width of 4.5 to 5.8 m (five to six corn rows spaced 76.2 to 96.5 cm).  Therefore, the
experimental layout for the small-plot areas was a split-plot, randomized complete-block
design with manure treatments in main plots and fertilizer treatments in subplots.  Only data
from the small plots are presented and discussed.  Trial locations, soil types and selected soil
properties for the small-plot areas, and planting dates are listed in Tables 1 and 2.  All trials,
except for Site 1, had been managed with 2-year corn-soybean rotations.  Site 1 had been in
tall fescue pasture prior to planting corn.  Management practices (except for N, P, and K
fertilization) were those used normally by the farmers.  The fields were selected to represent
a wide range in STP.  All fields had histories of poultry manure application that were not
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recorded by the farmers, although their comments and STP values indicated that manure
application rates applied and the frequency of application varied greatly across fields.
The manure treatments were a non-manured control and rates intended to supply 84
and 168 kg total N ha-1 based on total manure N information supplied by the farmers,
although the manure was sampled while being applied to better estimate amounts of nutrients
applied.  As will be discussed in detail later, the manure total P applied ranged from 21-63 kg
total P ha-1 for the low rate and 50-123 kg total P ha-1) for the high rate.  Manure was either
purchased commercially or was supplied by the farmers.  Most manures (except for egg layer
manure used at Sites 2, 6, and 9) were mixed with some type of bedding material.  Six
manure samples were taken from different loads while the manure was being applied. The
samples were kept frozen at -4 oC for storage until chemical analysis.  Prior to analysis, the
manure was dried at 105 oC for 16 hr to determine moisture content and tested for total N by
EPA method 351.2 (US EPA Environmental Monitoring and Support Laboratory, 1979.),
total P (MTP) and K by a modified EPA method 3051 (US Office of Solid Waste, and US
National Technical Information Service, 1999), pH (1:2 solids:water), and water soluble P
(MWSP) concentration (Kleinman et al., 2002).  Table 3 shows summarized results of
manure analyses.  Manure was applied with a broadcast spreader used by each farmer or
custom applicators.  The discharge system was a double spinner, flail-type rear discharge, or
side-type discharge (Table 3).  All spreaders were calibrated by project personnel outside the
trial areas just prior to manure application by weighing the application equipment using
portable scales before and after spreading manure over a length of at least 33 m and adjusting
the speed and/or applicator mechanisms to apply the desired low rate.  One to three spreader
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passes were used in each strip depending on application width.  Border rows were included
in each strip to limit application into the center rows of adjacent strips.
The fertilizer P applied to small plots superimposed to the manure strips was
granulated triple superphosphate at rates of 0, 25, and 50 kg P ha-1 to all strips.  In the control
strips, a fourth rate of 75 kg P ha-1 was applied since Iowa State University recommendations
suggest higher P application rates in soils testing Low in P (Sawyer et al., 2002).  Fertilizer P
was applied by hand at the time of manure application, except for Sites 1 and 7.  At Site 1,
fertilizer was applied in spring while the manure was applied the previous fall.  At Site 7,
fertilizer was applied in the fall before the manure was applied because an applicator
problem during the day planned caused a delay in the manure application until early spring. 
Potassium was applied as a single uniform rate of 56 kg K ha-1 across all small plots at the
same time fertilizer P was applied.  Nitrogen (as ammonium nitrate) was surface applied at a
rate of 168 kg N ha-1 across all plots at the VE to V1 growth stages (Ritchie et al., 1986).
Corn grain yield was measured from the center 7.6 m of the two middle rows in each
plot.  Plots were hand harvested and yields were reported based upon 155 g kg-1 moisture
content.  Grain was dried at 65 oC and ground to flour particle size in a flour mill. Grain was
digested using a H2SO4-H2O2 method (Digesdahl Analysis System, Hach Inc., Boulder, CO)
and P in extracts was determined by the Murphy and Riley (1962) colorimetric procedure. 
Grain P removal was calculated based upon grain P concentration and grain yields.  Corn
plant populations were measured at harvest time by counting plants with ears within the
harvested plot area.
To measure initial soil P, a composite soil sample of 12 soil cores was taken from the
0-15 cm layer of the soil from the small plot areas of each strip prior to manure application. 
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Samples were tested for P by the BP, M3P, and OP using a colorimetric P determination
method (Murphy and Riley, 1962), for K by the Mehlich-3 test, and for pH by using a 1:1
soil:water ratio.  The laboratory procedures followed those recommended for the North
Central Region by the North Central Region Soil and Plant Analysis Committee, NCR-13
(Brown, 1998).  Soil organic matter was measured using a combustion method (Wang and
Anderson, 1998).  Table 2 shows summarized information about initial STP values.  Soil
samples also were taken from each small plot 2 to 4 weeks after corn harvest.  These samples
were tested for P by the BP, M3P, OP, and soil pH using procedures similar to those used for
the initial samples.  In addition, water-extractable P (WEP) was determined by the procedure
described by Pote et al. (1996), which consisted on shaking 1 g of soil with 25 mL of
deionized water for 1 h, centrifuging for 5 min at 266 m s-1 (27,100 x g), and filtering
through Whatman no. 42 filter paper. 
Statistical analysis for data from each site was conducted using the PROC MIXED
procedure in SAS (SAS Institute, 2000) assuming fixed treatment effects and random block
effects.  When either manure rate, fertilizer P rate, or their interaction was significant (P #
0.10), differences among treatment means were tested by using orthogonal comparisons.  For
the manure main effect, comparisons were the average of the two manured treatments versus
the non-manured control and the difference between both manured treatments.  For the
fertilizer P mean effect, comparisons were the average of all fertilized plots versus the non-
fertilized control, and the difference between the 25- and 50-kg rates.  The sums of squares
of the interaction between manure and P fertilizer treatments were partitioned to assess P
fertilizer effects for each manure rate using the fertilizer P rate comparisons described above. 
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The CORR and REG procedures of SAS (SAS Inc. Raleigh, NC) were used to assess
relationships between selected measurements.
RESULTS AND DISCUSSION
Variation of Initial Soil-Test P and Manure P Applied
Initial STP information listed in Table 2 indicates large variation both across and
within the sites.  Mean soil P for each site ranged from Low to Very High according to Iowa
State University P classifications (Sawyer et al., 2002).  Sites 1, 3, 4, and 10 tested Low, Site
5 tested borderline between Optimum and Low, Sites 6 and 12 tested Optimum, and the
remaining sites tested High to Very High.  Standard deviations for STP across nine
composite samples taken at each site (Table 2) showed very high within-site variability at
Sites 7, 8, and 9.  This soil P variability is not uncommon in soils having long histories of P
fertilization, especially when manure has been applied (Atia and Mallarino, 2002).  The
results do indicate that the mean soil P value at these sites may not represent well the
experimental area.  However, observation of responses for each replication and preliminary
covariance analysis with initial P as a covariate (not shown) did not provide clear support for
dropping a replication or use of covariance analysis.
The amount of manure N, P, and K applied based on analysis of manure samples
collected during application are listed in Table 4.  Application of P across sites ranged from
21 to 63 kg P ha-1 for the low rate and 50 to 123 kg P ha-1 for the high manure rate. 
Typically, in Iowa P fertilizer is applied once before the corn in a corn soybean rotation. 
Iowa State University recommendations (Sawyer et al., 2002) suggest an average removal of
46 kg P ha-1 yr-1 for a 2-year corn-soybean (assuming 9.4 Mg ha-1 corn yield and 3.4 Mg ha-1
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soybean yield).  The amount of P applied with the low manure rate sometimes was higher
than the assumed crop removal and the amount applied with the high rate always was above
the assumed removal.  Rates that applied P greater than crop removal pose a risk for
increasing soil P to high levels and increasing the potential risk for P loss in runoff or
leaching.
Researchers (Kleinman et al., 2002) have investigated the use MWSP to predict
runoff dissolved reactive P.  Water-soluble P contents in the manure broilers, and were
followed by manure from turkeys and egg layers (Table 3).  Also, changes soil in WEP levels
may give an indication of potential for dissolved P loss with runoff since this fraction would
represent P forms most easily lost if a significant runoff event occurred.  On average, initial
soil WEP levels were nine times less than Mehlich-3 P, for example.
Corn Grain Yield Responses
Corn grain yield responses are shown in Table 5.  Manure main treatment effects
(average across fertilizer P treatments) were significant (P # 0.10) at Sites 4, 5, and 12.  At
Sites 4 and 12, both manure treatments increased yield, but the rates did not significantly
differ from each other.  At Site 5, the high and low rates significantly differed from each
other.  This result is unclear especially since the yield for the high rate was 0.4 Mg ha-1 less
than the low rate and is probably a random result not related to response to manure P. 
Fertilizer main treatment effects were significant at Sites 3, 4, 5, and 6.  The 75-kg P rate that
was applied only to strips receiving no manure was excluded because preliminary analyses
performed only for this treatment showed that this rate did not increase yield over the 50-kg
treatment at any site.  There was an apparent significant yield response to fertilizer for all
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manure rates (no significant interaction) that we do not understand.  The significant result is
explained by a response to the low fertilizer rate for the non-manured control and to both
fertilizer rates for the high manure rate.  But, there was no response to fertilizer for the low
manure rate and no response to manure when fertilizer was not applied.  Therefore, we
believe that result might be explained by random variation or unidentified experimental
error.  At no site was there a response to fertilizer P application above the lowest rate applied
(25 kg P).  This result is reasonable since this rate should be sufficient to cover any response
in this soil, which tested in the lower part of the High STP interpretation class and should not
be responsive according to ISU recommendations.
Significant (P # 0.10) interaction effects were observed at Sites 1, 3, 4, 5, 6, and 7. 
Main effects were not significant at Sites 1 and 7, though significant interaction indicates
yield response to manure or fertilizer.  At Site 1, there was a yield response to manure
(similar for both rates) only when fertilizer was not applied.  At Site 3, there was a yield
response only to fertilizer when manure was not applied (but there was no response to
manure alone).  At Sites 5, 6 and 7 there was a response to both sources but only when the
other was not applied.  At Site 4, there were significant differences between the 25 and 50 kg
P rate in the non-manured control but not when any of the two manure rates were applied.
Corn plant population at harvest was variable at some sites but was unaffected by the
treatments (data not shown).  Population variation was observed mainly at Sites 3, 9, and 11,
and was caused by wind storms in late July to early August.  As a result of population
differences, analysis of variance was run both with and without end of season population as a
covariate but there were no changes in significance of treatment effects at any site so results
of covariance analysis were not used.
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In summary, results indicated clear grain yield responses to manure, fertilizer, or both
at seven sites.  One important result was that the yield responses at these sites, except Site 7,
were reasonable because these sites tested Optimum or Low in STP.  The Iowa P
management guidelines recommend maintenance P fertilization for the Optimum
interpretation class, where the probability of yield response is < 25%.  A yield response to
either source when the other was not applied at Site 7 was not expected because the mean
soil P at the site was between the High and Very High STP classes (21 to 31 mg BP or M3P
P kg-1).  However, this was one of the three sites with much higher within-site STP
variability than the other sites (Table 2) and perhaps low-testing areas intermingled with
areas testing Very High explain the response.  Another important result is that at no
responsive field there was a response to P fertilizer when either manure rate was applied
(other than the issues discussed above for Site 11, where we believe the response was not
logical).  There was no yield response at one low-testing site (Site 10), which we cannot
explain.  This site showed the highest average yield among all sites and perhaps excellent
growing conditions allowed for very efficient exploration of soil by the corn roots.  However,
a lack of yield response at this site and some difficult to explain responses at some other sites
may point to high variability in STP and manure application.
Corn Grain Phosphorus Concentration Responses
Either manure or fertilizer main treatment effects significantly increased corn grain P
concentration at six sites (Table 6).  Manure main effects were significant at Sites 3, 4, and 6
while P fertilizer main effects were significant at Sites 7, 8, and 11.  Significant manure and
fertilizer interactions were observed at Sites 1, 2, 6, and 7. At Site 1, the significant
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interaction is explained by P concentration response to fertilizer only when manure was not
applied.  At Site 2, the significant interaction was the result of response to fertilizer P when
manure was applied but not for the non-manured control, which is difficult to explain.  At
Sites 6 and 7, the interaction cannot be explained well.  At Site 6, the interaction was the
result of response to fertilizer for the control and high manure treatments but not for the low
manure rate.  At Site 7, it was explained by response to fertilizer only for the high manure
treatments but not for the non-manured control or the low manure rate.  Both responses are
illogical, however, and probably are the result of random variation or experimental error.
Grain P concentration responses were observed at eight sites.  Corn yield was
responsive at five of these sites but not at the other three.  Correlations between the two
variables across all sites were significant and negative but poor (r = -0.41).  This response
indicates a weak and not always consistent luxury consumption of P in grain which agrees
with findings from other studies in Iowa (Mallarino, 1996; Barabazan et al., 2002).  Site
averages for corn grain P concentration of non-fertilized plots ranged from 1.8 to 2.7 g kg-1,
with a mean of 2.3 g kg-1, while values for fertilized or manure plots ranged from 2.0 to 3.0 g
kg-1, with a mean of 2.4 g kg-1.  Both mean values are lower than the average value of 2.92 g
P kg-1 Iowa State University suggests for calculation of maintenance P fertilization (Sawyer
et al., 2002).
Corn Grain Phosphorus Removal
Treatment effects on grain P removal with harvest integrate effects on grain yield and
grain P concentration with different weights on each variable depending on relative
responses at each site.  Study of data and statistics in Table 7, including interpretation of
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interactions, indicated that manure, fertilizer, or both increased grain P removal at seven sites
(Sites 1, 4, 6, 7, 8, 9, and 11).  At Sites 1 and 7, both P sources increased P removal only
when the other was not applied.  At Sites 4 and 6, both manure and fertilizer P increased
grain P removal for all levels of application.  At Sites 8, 9, and 11, only fertilizer P increased
grain P removal, but for unknown reasons it did only for the non-manured and high manure
treatments at Sites 8 and 9, and for all levels of manure at Site 11 although grain P removal
was better correlated with yield (r = 0.68) than with P concentration ( r = 0.38) across all
sites.  Examination of site responses indicate that yield alone cannot be used to explain P
removal responses.  For example, at Site 8 there were no manure or fertilizer P effects on
yield but there were P fertilizer effects for grain P concentration and removal.
An important difference between manure and fertilizer effects on grain P removal
compared with effects on grain yield was that in several sites P removal was increased the
most when fertilizer and manure were applied together.  In contrast, P fertilization did not
increase grain yield at any site when manure had been applied.
 
Soil Test Phosphorus after Corn Harvest
Soil test P levels after harvest can be important in measuring potential increases in
soil P over time from manure application.  Poultry manure poses a greater risk to soil P
buildup compared with other manures, especially when N based management is used,
because N:P ratios tend to be lower than for other manures.  Therefore, knowledge of the
amounts of P applied and periodical soil testing is important to avoid excess soil P buildup.
Three routine soil P tests (BP, M3P, and OP) were used to detect manure and
fertilizer application effects on STP measured after crop harvest.  Significant (P # 0.10)
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effects for manure and fertilizer treatments were similar for BP (Table 8) and M3P (Table 9). 
Manure increased BP and M3P significantly at Sites 3 through 7 independently of the
fertilizer P treatment.  Significant differences between the low and high manure rates were
observed at Sites 3 and 4.  Fertilizer P increased BP and M3P at most sites.  Exceptions were
Sites 3, 6, and 10, although non-significant trends were observed.  Interpretation of effects
between the 25 and 50 kg P application rates varied slightly according to BP and M3P tests. 
Both tests indicated differences between two rates at Sites 1, 2, 4, 5, 8, 11, and 12, but at Site
9 only BP detected a difference between the rates.
Treatment effects were slightly different for the OP test (Table 10) compared with BP
and M3P.  Manure effects were not significant at Site 7 and fertilizer effects were significant
at Site 6.  However, there was a non-significant increasing trend from manure application at
Site 7.  Previous studies in Iowa (Mallarino, 1996) have shown that BP may underestimate
available P in some calcareous soils which may explain differences between BP and OP at
Site 6.  This effect, however, does not explain differences between M3P and OP at this site
since these tests have been shown to correlate well with each other across soils in Iowa. 
Also, significant differences between the low and high manure rates and the medium and
high fertilizer rates occurred at the same sites for BP and OP.
It is unclear why there were fewer significant differences between manure main
effects than fertilizer main effects for the three routine tests.  Examining MTP application
rates, the five sites which manure main effects were significant (Sites 3 through 7) where the
highest of all the sites.  Application rates were considerably higher than P removal at these
sites which should have lead to considerable P buildup in the soil.  Observation of STP
values in Tables 8, 9, and 10 indicates that soil P increases from manure application often
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were larger than for fertilizer P, which is reasonable because often higher P rates were
applied with manure.  Therefore, a possible reason for fewer statistically significant effects
of manure P compared with fertilizer P may be the result of the split-plot design structure
because main treatment effects are tested with fewer degrees of freedom and less precision.
The fertilizer P treatments increased soil P extracted by the WEP test much more
frequently and to a greater extent than the manure treatments (Table 11), even though the
manure P rates often were greater.  Fertilizer treatments influenced WEP at all sites except
for Site 3.  At seven sites, increases in WEP were significantly different for the 25 and 50 kg
P application rates.  At Sites 2, 5, 10, and 11 fertilizer increased WEP but the two rates did
not differ.  On average P application increased WEP by 0.9 mg P kg-1 for each kg of fertilizer
P applied.  Manure main treatment effects were significant for WEP content at Sites 3, 4, 5,
and 12.  At Sites 3, 4, and 5 the MWSP applied was the highest among all sites.  Water-
soluble P in manure ranged from 7 to 43% of the total P (Table 3) and therefore, it is not
surprising to see less response of soil WEP to manure than to fertilizer.
The three routine soil P tests (BP, M3P, and OP) were highly correlated across sites
(Table 12) and the correlation coefficients ranged from r = 0.93 to r = 0.96.  However,
correlations between WEP and each of the other tests were poorer than among the three
routine tests.  Figure 1 shows the trends observed by graphing the relationship between M3P
and BP or OP tests.  Figure 2 shows relationships between WEP and M3P or OP tests (the
relationship to the BP test is not shown due to its close relationship to the M3P test).  The
relationships for WEP were linear, but the R2 values were lower than for relationships among
BP, M3P, and OP tests.
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The soil P tests also were compared by their assessment of soil P when approximately
similar P rates were applied as either manure or fertilizer (Fig. 3).  Linear coefficients for BP
and M3P tests were similar, and in both cases these coefficients significantly (P # 0.10)
differed from 1.0.  According to this assessment, manure P did not increase soil P at the same
rate as fertilizer P did for these two tests and, because intercepts were approximately similar,
this result indicates that the residual manure P was 0.67 times the residual fertilizer P. 
Results for OP were different.  The linear coefficient of relationships between assessments of
soil P for approximately similar manure and fertilizer P application rates was not
significantly different than 1.0.  Therefore, these results suggest that BP and M3P assessed
less residual P from poultry manure compared with OP.
The difference between BP and M3P from OP observed in our study was not
observed in previous Iowa research with liquid swine manure (Atia and Mallarino, 2002;
Barabazan et al., 2002; Mallarino et al., 2004).  Moreover, results of P extraction and
fractionation laboratory studies of soils that received various kinds of animal manures
(Sharpley and Smith, 1995; Sharpley, 1996) suggested that acid-based extractants such as the
BP and M3P tests may overestimate P availability for crops.  Although plant availability was
not directly measured by these authors, they based their conclusions on high correlation
between the NaHCO3-extractable soil P fraction and sharp increases of the Ca-bound P
fraction after manure application.  The results of this study do not agree with other
measurements at these sites (D.E. Kaiser, previous chapter of this Dissertation) that showed
no evidence of differences in early availability of manure or fertilizer P for early growth and
P uptake of corn.  Therefore, we cannot find a convincing explanation for the apparently
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lesser capacity of BP and M3P tests to evaluate residual poultry manure P compared with the
OP test.
Overall, results show that STP was increased by manure or fertilizer P in most sites. 
Study of treatment effects on STP measured by the three routine tests (BP, M3P, and OP)
showed no clear evidence for different assessment of residual P from fertilizer and manure. 
However, comparisons of soil P for similar P applications with manure and fertilizer
indicated less measurable P from manure than from fertilizer according to BP, M3P, and
WEP tests but not for OP.  Lower soil P measured by WEP in manured plots is not surprising
since fertilizer applied more water-soluble P than manure did.
CONCLUSIONS
Results of the study showed that supplemental P fertilization did not increase corn
grain yield after applying poultry manure P rates ranging from 21 to 63 kg P ha-1 (the lowest
rates applied across 12 sites) or higher.  Accurate measurement of yield responses to manure
of fertilizer P was difficult due to variability in initial STP levels and manure P application,
which are common problems in manured fields.  However, the results did confirm
expectations of a high probability of response to manure or fertilizer P in soils testing
Optimum or less in P and a small probability of response in high-testing soils.  In contrast to
results for grain yield, the combination of effects on both grain yield and P concentration
determined that supplemental P fertilization increased P removed with grain beyond
responses to manure P at approximately one-half of the sites.
Results for comparison of post-harvest soil P measurements with different soils tests
provided inconclusive evidence for differences between assessments of residual P from
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manure or fertilizer by the routine tests BP, M3P, and OP.  However, the results provided
strong evidence for lesser evaluation of residual P from manure by the WEP environmental
soil test.  Differences were most likely related to assessment by this test of less soluble or
available P fractions in manure because the most comparable estimates of residual manure P
by WEP and the routine test were observed in fields with proportionally higher application of
manure soluble P.
Overall, the study provided no evidence for supplemental P fertilization for corn after
application of poultry manure P rates commonly used by Iowa farmers that supply from one-
half to the full amount of N required on average by corn.
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Table 1. Site location, planting date, corn hybrid, and tillage system.
Site Year County Planting Date Hybrid † Tillage ‡
1 2004 Hamilton 23 Apr. P 34N44 ch
2 2004 Clay 23 Apr. DK C52-45 ch
3 2004 Bremer 28 Apr. NK N60-B6 fc
4 2004 Union 15 Jun. P 33P62 dsk
5 2004 Union 14 Jun. P 33P62 dsk
6 2004 Palo Alto 22 Apr. NK N46-J7 fc
7 2005 Greene 30 Apr. Pf 2750 nt
8 2005 Dallas 5 Apr. W 7563 fc
9 2005 Clay 30 Apr. DK C52-40 ch
10 2005 Cherokee 27 Apr. DK C52-47 ch
11 2005 Buena Vista 17 Apr. G 8535 dsk
12 2005 Cherokee 3 May DK C60-19 fc
† DK, Dekalb; G, Garst; NK, Northrup King; P, Pioneer; Pf, Pfister; W, Wyfells.
‡ ch, chisel plow; dsk, disk harrow; fc, field cultivator, nt, no-tillage.
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Table 2. Soil classification and initial soil test information.
Predominant Soil Soil Chemical Analysis
Site Series Subgroup M3P† WEP‡ K§ pH OM¶
---------mg kg-1--------- g kg-1
1 Biscay Typic Endoaquoll 12 ± 4 4.6 ± 1.5 92 7.5 86
2 Marcus Typic Endoaquoll 28 ± 5 5.0 ± 1.6 142 6.2 61
3 Readlyn Aquic Hapludoll 14 ± 4 3.4 ± 1.0 156 7.4 33
4 Sharpsburg Typic Argiudoll 10 ± 5 1.2 ± 0.6 111 6.9 42
5 Sharpsburg Typic Argiudoll 11 ± 4 1.8 ± 0.4 220 6.5 47
6 Clarion Typic Hapludoll 17 ± 2 2.5 ± 1.0 102 6.5 50
7 Clarion Typic Hapludoll 31 ± 12 5.1 ± 2.2 115 6.4 29
8 Cylinder Aquic Hapludoll 25 ± 20 4.0 ± 4.1 178 6.5 52
9 Marcus Typic Endoaquoll 50 ± 16 10.2 ± 3.4 149 6.3 62
10 Galva Typic Hapludoll 14 ± 3 1.1 ± 0.5 130 7.0 43
11 Primghar Aquic Hapludoll 24 ± 5 1.9 ± 0.4 153 6.6 50
12 Galva Typic Hapludoll 17 ± 4 2.2 ± 0.7 169 6.2 42
†
 Average ± standard deviation of the Mehlich-3 P test for the nine initial soil samples
taken from each small plot area.
‡
 Average ± standard deviation of the water-extractable P test for the nine initial soil
samples taken from each small plot area.
§
 Mehlich-3 soil potassium.
¶
 Soil organic matter.
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Table 3. Manure types, application dates, and chemical analyses.
Chemical Analysis†
Manure Application‡ Phosphorus§
Site Type Date Method Moisture N Total MWSP K Ca pH
--------------------------g kg-1------------------------
1 T 12-Dec-2003 DS 523 54 23 7.8 26 43 8.0
2 L 16-Apr-2004 DS 515 56 19 3.2 19 181 8.0
3 T 6-Apr-2004 DS 478 56 25 7.5 28 40 7.4
4 B 30-Apr-2004 SS 493 56 29 12.1 41 39 7.7
5 B 3-May-2004 SS 484 62 26 11.2 40 32 7.1
6 L 16-Apr-2004 DS 529 47 19 3.1 18 215 8.1
7 L 9-Mar-2005 RF 152 45 18 3.1 27 122 8.2
8 L 15-Mar-2005 DS 163 42 16 3.7 25 128 8.3
9 L 28-Apr-2005 DS 459 77 16 1.1 17 110 7.6
10 T 10-Oct-2004 DS 351 51 20 5.6 22 38 6.6
11 T 15-Apr-2005 DS 390 45 22 6.7 24 47 6.8
12 T 26-Oct-2004 DS 364 42 18 6.0 20 35 8.2
Average by manure type
Broiler 489 46 28 11.7 41 36 7.4
Layer 363 53 18 2.8 21 151 8.0
Turkey 421 50 22 6.7 24 41 7.4
†
 Manure analysis on a dry weight basis.
‡ Manure type: B, broiler; L, egg layer; T, turkey. Manure application method: DS, rear mounted
double spinner; RF, rear discharge flail-type; SS, side discharge.
§
 Total, total P concentration; MWSP, water-soluble P concentration.
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Table 4. Manure application rates and nutrients applied.
Total Nutrient Applied in Manure†
Phosphorus
Rate§ Nitrogen Total Water Soluble Potassium
Site Low High Low High Low High Low High Low High
--Mg ha-1-- -------------------------------kg ha-1-----------------------------------
1 1.2 2.1 63 114 27 50 9 17 31 56
2 2.0 4.0 114 223 40 78 7 13 39 75
3 2.2 4.4 124 248 55 109 17 33 63 126
4 2.2 4.2 120 233 63 123 26 51 88 171
5 2.2 4.3 135 263 58 113 25 48 88 172
6 2.3 4.3 108 202 44 82 7 13 40 75
7 3.2 5.3 141 235 56 94 10 17 84 140
8 2.4 5.6 100 237 38 89 9 21 59 139
9 2.5 5.3 193 410 41 87 3 6 42 90
10 1.5 2.5 76 127 30 51 8 14 33 56
11 1.7 3.1 78 138 38 67 12 21 41 72
12 1.2 2.8 49 116 21 50 7 17 24 56
† On a dry weight basis.
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Table 5. Corn grain yield response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 --------------------------------------Mg ha-1----------------------------------------
Control 0 12.9 13.0 14.2 6.8 8.3 12.2 11.3 11.5 14.4 14.3 13.1 11.8
25 14.6 13.3 14.8 8.0 8.8 13.6 11.9 11.3 13.7 14.6 13.7 11.6
50 12.8 13.2 15.1 7.8 9.3 13.6 12.7 12.0 14.5 14.7 13.1 12.6
mean† 13.4 13.2 14.7 7.6 8.8 13.2 12.0 11.6 14.2 14.6 13.3 12.0
Low 0 14.4 12.8 14.6 8.7 9.6 13.1 13.2 12.1 15.0 14.4 13.5 13.0
25 14.0 13.5 15.2 8.8 9.3 13.5 13.1 10.6 14.1 15.0 14.3 13.5
50 14.5 12.2 15.0 9.2 9.5 13.7 13.4 10.8 14.0 13.9 13.5 13.2
mean† 14.2 13.0 15.0 8.9 9.4 13.5 13.2 11.0 14.3 14.6 13.8 13.3
High 0 14.2 14.1 15.2 9.2 8.5 13.2 13.2 11.0 14.0 14.3 13.1 13.7
25 13.8 13.3 15.4 8.9 9.1 14.0 13.3 11.9 14.4 14.6 13.9 13.8
50 13.8 13.1 15.2 9.2 9.3 13.9 12.7 11.5 14.3 14.5 13.9 13.1
mean† 13.9 13.4 15.3 9.0 9.0 13.8 13.1 11.6 14.3 14.5 13.7 13.5
Mean‡ 0 13.7 13.2 14.7 8.3 8.8 12.8 12.6 11.5 14.4 14.4 13.2 12.7
25 14.0 13.4 15.2 8.7 9.1 13.7 13.0 11.4 14.1 14.8 14.0 13.1
50 13.7 12.8 15.1 8.7 9.3 13.7 12.9 11.4 14.3 14.4 13.5 12.9
Statistical Significance (P > F)
Manure 0.26 0.55 0.57 0.02 0.06 0.30 0.19 0.75 0.75 0.98 0.26 0.02
Fertilizer 0.54 0.28 0.08 0.08 0.06 0.01 0.67 0.85 0.32 0.62 0.03 0.90
M x F 0.07 0.30 0.07 0.03 0.10 0.10 0.01 0.46 0.15 0.85 0.40 0.30
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 6. Corn grain P concentration response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 -------------------------------------g P kg-1---------------------------------------
Control 0 2.5 2.1 2.0 1.9 2.7 1.5 2.2 2.4 2.3 2.5 2.2 2.1
25 2.9 1.9 1.9 2.2 3.0 1.5 2.5 2.7 2.3 2.6 2.3 2.2
50 2.9 2.0 2.0 2.0 2.8 1.8 2.3 2.9 2.5 2.4 2.3 2.3
mean† 2.7 2.0 2.0 2.1 2.8 1.6 2.3 2.7 2.4 2.5 2.3 2.2
Low 0 2.8 2.1 2.0 2.5 2.6 1.9 2.4 2.7 2.3 2.4 2.2 2.1
25 2.7 2.0 2.1 2.9 2.6 1.8 2.4 2.8 2.5 2.4 2.3 2.1
50 2.6 2.5 2.2 2.9 2.8 1.8 2.4 2.8 2.3 2.5 2.3 2.2
mean† 2.7 2.2 2.1 2.8 2.7 1.8 2.4 2.8 2.4 2.4 2.2 2.2
High 0 2.7 2.0 2.3 3.0 2.8 1.9 2.2 2.4 2.1 2.3 2.2 2.2
25 2.7 2.3 2.2 3.0 2.9 2.3 2.4 2.8 2.3 2.4 2.3 2.3
50 2.8 2.2 2.4 3.1 2.9 2.1 2.4 2.8 2.3 2.4 2.3 2.2
mean† 2.7 2.2 2.2 3.0 2.9 2.1 2.3 2.7 2.3 2.4 2.3 2.3
Mean‡ 0 2.6 2.1 2.1 2.5 2.7 1.8 2.3 2.5 2.3 2.4 2.2 2.1
25 2.8 2.1 2.1 2.8 2.8 1.9 2.4 2.8 2.4 2.4 2.3 2.2
50 2.8 2.2 2.2 2.7 2.8 1.9 2.4 2.8 2.4 2.4 2.3 2.3
Statistical Significance (P > F)
Manure 0.85 0.23 0.10 0.01 0.35 0.06 0.82 0.91 0.15 0.61 0.65 0.62
Fertilizer 0.39 0.26 0.28 0.12 0.30 0.25 0.01 0.01 0.14 0.65 0.08 0.30
M x F 0.03 0.10 0.30 0.50 0.62 0.08 0.06 0.45 0.15 0.92 0.97 0.56
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 7. Corn grain P removal response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 -------------------------------------kg P ha-1---------------------------------------
Control 0 31.9 26.9 28.8 11.8 23.1 18.4 24.9 29.1 33.6 36.8 29.3 24.5
25 42.2 25.6 28.2 17.5 25.9 21.0 31.5 28.4 30.0 35.2 31.9 25.6
50 36.7 26.4 29.4 15.6 25.4 24.6 29.7 34.6 36.3 32.5 30.2 29.4
mean† 36.9 26.3 28.8 15.3 24.8 21.3 28.3 30.7 33.7 35.6 30.5 26.5
Low 0 39.4 27.1 29.1 21.9 25.2 23.6 31.7 33.2 35.9 34.7 29.3 26.7
25 38.4 27.1 32.4 25.1 24.9 24.6 31.5 29.2 35.0 36.0 32.6 28.7
50 36.6 30.5 33.6 26.5 26.2 24.6 32.5 30.8 32.3 34.4 31.1 28.4
mean† 38.2 28.0 31.9 24.7 25.3 24.4 31.7 30.6 34.4 35.2 31.2 28.2
High 0 38.3 30.2 34.5 26.2 23.5 24.7 28.6 26.6 30.8 32.9 28.4 28.1
25 37.5 30.6 33.4 26.6 25.7 31.8 31.6 33.4 33.0 35.0 31.7 30.9
50 38.5 27.7 35.7 28.0 26.9 28.7 30.0 32.6 32.8 36.7 32.1 28.8
mean† 38.0 29.9 34.2 26.8 25.2 29.0 30.3 31.5 32.5 34.7 30.9 29.8
Mean‡ 0 36.2 27.8 30.8 20.3 24.1 22.1 28.4 29.2 33.4 34.2 29.0 25.8
25 38.8 28.0 31.8 24.2 25.4 26.7 31.5 31.1 33.3 35.4 32.0 28.7
50 37.4 28.3 33.0 23.8 26.2 26.0 30.5 32.4 33.8 35.4 31.1 28.9
Statistical Significance (P > F)
Manure 0.80 0.36 0.11 0.01 0.76 0.07 0.44 0.98 0.24 0.91 0.94 0.49
Fertilizer 0.38 0.98 0.51 0.06 0.17 0.02 0.03 0.04 0.67 0.86 0.01 0.12
M x F 0.05 0.59 0.46 0.06 0.58 0.18 0.03 0.04 0.04 0.91 0.69 0.44
† Manure treatment mean.
‡ Mean of P fertilizer treatments.
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Table 8. Bray-1 soil-test P (after harvest) response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 -------------------------------------mg P kg-1---------------------------------------
Control 0 15 55 25 8 13 16 21 12 53 29 23 23
25 19 56 34 11 15 22 31 15 73 36 28 29
50 38 57 33 14 21 27 34 32 76 32 33 36
mean† 24 56 30 11 16 22 29 21 67 32 28 29
Low 0 18 40 45 30 40 28 38 41 57 33 30 25
25 27 48 45 37 41 28 59 45 58 39 37 25
50 36 68 49 54 48 26 49 55 88 43 40 35
mean† 27 51 46 39 43 28 50 46 65 39 36 28
High 0 17 51 54 45 29 29 30 42 70 31 33 34
25 21 61 60 56 42 28 56 49 76 35 36 37
50 29 72 57 60 48 41 79 58 94 43 40 40
mean† 22 61 57 55 40 31 55 50 78 35 36 37
Mean‡ 0 17 48 41 26 26 24 30 34 60 31 29 27
25 23 55 48 38 37 26 51 42 68 37 35 30
50 34 65 45 43 38 31 51 48 85 39 37 37
Statistical Significance (P > F) §
Manure 0.72 0.42 0.01 0.01 0.03 0.09 0.06 0.38 0.73 0.43 0.29 0.11
Fertilizer 0.01 0.02 0.39 0.01 0.01 0.13 0.02 0.01 0.01 0.20 0.01 0.04
†  Manure treatment mean.
‡ 
 Mean of P fertilizer treatments.
§
 The interaction manure by fertilizer P was not significant for all sites (P # 0.10).
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Table 9. Mehlich-3 soil-test P (after harvest) response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 -------------------------------------mg P kg-1---------------------------------------
Control 0 24 71 33 9 13 15 24 11 56 33 26 23
25 31 72 44 12 16 22 36 14 81 39 34 30
50 55 69 41 17 22 28 41 36 81 34 37 39
mean† 37 80 39 13 17 22 34 23 73 35 32 31
Low 0 29 49 58 41 44 33 43 46 61 34 33 28
25 42 62 59 49 48 34 67 50 68 44 45 26
50 49 86 64 74 59 28 58 61 97 49 45 36
mean† 41 65 60 53 50 32 56 52 74 43 42 29
High 0 29 66 73 55 32 52 36 50 74 32 36 37
25 37 74 80 71 47 30 68 56 95 40 42 39
50 42 89 76 78 59 49 104 65 84 46 52 41
mean† 36 76 77 70 46 42 69 57 87 39 43 39
Mean‡ 0 27 61 55 33 28 33 34 39 64 33 32 29
25 38 68 64 49 42 30 59 48 81 42 42 32
50 49 82 58 56 45 34 64 54 88 43 45 39
Statistical Significance (P > F) §
Manure 0.80 0.46 0.01 0.01 0.05 0.06 0.09 0.25 0.67 0.34 0.26 0.11
Fertilizer 0.01 0.03 0.40 0.01 0.01 0.60 0.03 0.01 0.01 0.12 0.01 0.05
†  Manure treatment mean.
‡ 
 Mean of P fertilizer treatments.
§
 The interaction manure by fertilizer P was not significant for all sites (P # 0.10).
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Table 10. Olsen soil-test P (after harvest) response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 -------------------------------------mg P kg-1---------------------------------------
Control 0 16 35 21 7 10 11 12 6 31 20 15 18
25 18 35 25 9 12 14 17 7 39 24 18 21
50 35 35 23 10 16 19 20 16 43 23 21 24
mean† 23 35 23 9 13 15 16 11 38 22 18 21
Low 0 17 26 31 21 26 17 23 17 30 24 19 18
25 23 30 31 23 27 18 31 22 33 25 22 20
50 29 41 32 33 31 19 28 22 48 30 24 23
mean† 23 32 31 25 27 18 28 21 36 26 22 20
High 0 17 34 37 27 19 19 16 18 40 22 19 25
25 21 37 39 36 27 18 30 22 43 25 22 26
50 26 41 38 44 30 24 39 25 53 31 24 28
mean† 21 37 38 36 26 20 29 22 44 25 21 26
Mean‡ 0 16 31 29 17 18 15 17 15 34 22 17 20
25 21 34 32 25 24 17 27 20 38 25 21 23
50 30 39 30 29 25 21 27 21 47 28 23 25
Statistical Significance (P > F) §
Manure 0.84 0.30 0.01 0.01 0.07 0.09 0.11 0.42 0.51 0.36 0.30 0.14
Fertilizer 0.01 0.08 0.62 0.01 0.01 0.03 0.01 0.01 0.02 0.12 0.01 0.04
†  Manure treatment mean.
‡ 
 Mean of commercial P fertilizer treatments.
§
 The interaction manure by fertilizer P was not significant for all sites (P # 0.10).
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Table 11. Water-extractable soil-test P (after harvest) response to manure and fertilizer P.
Site
Manure
Rate
Fertilizer
Rate 1 2 3 4 5 6 7 8 9 10 11 12
kg P ha-1 -------------------------------------mg P kg-1---------------------------------------
Control 0 7.3 14.5 6.7 1.3 2.3 3.3 3.3 2.0 10.7 5.0 2.3 3.0
25 9.0 14.5 9.0 1.3 3.5 4.0 6.7 2.5 15.7 7.0 3.0 4.7
50 17.0 15.7 9.3 2.3 4.3 5.0 8.0 7.3 17.7 6.0 3.7 6.7
mean† 11.1 15.0 8.3 1.7 3.4 4.0 6.0 4.4 14.7 6.0 3.0 4.8
Low 0 7.7 9.3 12.3 6.0 9.0 6.7 9.0 9.3 11.7 5.7 4.0 4.3
25 12.7 14.0 13.7 5.7 10.5 10.0 14.3 10.3 11.3 7.3 5.0 4.7
50 15.7 18.7 12.0 11.3 13.5 12.5 16.3 12.0 22.3 9.0 5.0 6.3
mean† 12.0 14.0 12.7 7.7 11.0 9.4 13.2 10.6 15.1 7.1 4.6 5.1
High 0 8.7 13.7 15.3 8.0 7.7 9.7 7.0 8.3 17.0 5.0 4.0 6.3
25 12.7 17.7 19.5 12.7 10.5 11.3 12.7 9.7 19.0 4.3 4.7 6.3
50 12.7 19.0 19.0 14.7 14.0 14.0 19.5 12.3 23.0 7.0 6.0 8.3
mean† 11.3 16.8 17.6 12.3 10.8 11.7 13.0 10.1 19.3 5.4 4.8 7.0
Mean‡ 0 7.9 12.3 11.4 4.8 6.0 6.6 6.4 7.1 13.1 5.2 3.4 4.6
25 11.4 15.5 14.0 6.6 8.2 9.0 11.2 8.1 15.3 6.2 4.1 5.2
50 15.1 17.8 12.8 9.4 10.3 11.0 14.0 10.6 20.8 7.1 4.8 7.1
Statistical Significance (P > F) §
Manure 0.92 0.42 0.01 0.01 0.08 0.14 0.16 0.59 0.59 0.15 0.19 0.05
Fertilizer 0.01 0.08 0.19 0.01 0.05 0.02 0.01 0.04 0.04 0.04 0.04 0.01
†  Manure treatment mean.
‡ 
 Mean of P fertilizer treatments.
§
 The interaction manure by fertilizer P was not significant for all sites (P # 0.10).
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Table 12. Correlation coefficients between measured variables across sites (n = 108).†
Measurement Yield Grain P P Rem. BP M3P OP WEP
Grain P -0.41
P Rem. 0.68 0.37
BP 0.24 0.08 0.27
M3P 0.24 0.11 0.30 0.96
OP 0.31 0.08 0.34 0.93 0.93
WEP 0.28 0.10 0.34 0.84 0.88 0.87
pH 0.25 0.01 0.28 -0.12 0.02 0.07 0.04
†
 Coefficients $ 0.16 are significant at P < 0.10.
‡
 Yield, corn grain yield; Grain P, grain P concentration; P Rem., P removal in grain;
BP, Bray P1; M3P, Mehlich-3; OP, Olsen P test; WEP, water-extractable P; pH, soil
pH.
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Figure 1. Relationship between post-harvest soil Bray-P1 or Olsen P and Mehlich-3 P across
all sites.
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Figure 2. Relationship between post-harvest soil Mehlich-3 or Olsen P and water-extractable
P across all sites.
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CHAPTER 4. POTENTIAL RISK OF PHOSPHORUS LOSS WITH SURFACE
RUNOFF IMMEDIATELY AFTER POULTRY MANURE APPLICATION
A paper to be submitted to Soil Science Society of America Journal by
D.E. Kaiser, A.P. Mallarino, M.U. Haq, and B.L. Allen
ABSTRACT
Nitrogen based manure applications may pose a serious risk for P losses in surface
runoff from manure with higher P:N ratios such as from chickens (Gallus gallus domesticus)
and turkeys (Melleagris gollopavo).  A rainfall simulation technique was used to assess P
losses immediately after poultry manure application with and without incorporation into the
soil by tillage at eight sites.  Three treatments replicated three times consisted of manure
from broilers, egg layers, or turkeys applied at rates that were a non-manured control and
amounts intended to supply 84 and 168 kg total N ha-1 based on total manure N (total P
applied varied between 21-63 kg P ha-1 and 50-123 kg P ha-1) for the low and high manure
rates, respectively.  Two microplots, one with manure incorporation and one without
incorporation, were set up adjacent to each other in each manure treatment plot.  Rainfall was
applied at a rate of 76 mm h-1 and runoff was collected for 30 min.  Runoff was analyzed for
dissolved reactive P (DRP), bioavailable P (BAP), and total P (TP) concentration.  Runoff
loads were based upon concentrations and the total amount of runoff collected.  Dissolved
reactive P, BAP, and TP concentrations were increased with the application of manure at
most sites.  In many cases when manure was incorporated, P concentrations did not differ
between the control and manured plots.  Tillage usually increased sediment loss, but DRP,
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BAP, and TP losses from manure were much higher when the manure was not incorporated
into the soil.  Runoff P load trends followed after their respective concentrations, except for
TP loads which were highly variable due to the amount of runoff and the total solids
concentration.  Overall, tillage was an effective means to limit runoff P losses from a runoff
event occurring immediately after poultry manure application.
Abbreviations: BAP, runoff bioavailable P; BioP, soil bioavailable P; DRP, runoff dissolved
reactive P; M3P, Mehlich-3 P; MTP, manure total P; MWSP, manure water-soluble P; STP,
soil-test P; TP, runoff total P; TS, total solids in runoff; TSP, total soil P; WEP, water-
extractable soil P.
INTRODUCTION
The poultry industry has been growing larger in Iowa.  Currently Iowa ranks first in
the number of laying hens and egg production, and within the top ten in turkey production as
of 1995 (National Agriculture Statistics Service, 1995).  Large amounts of manure produced
by livestock facilities can pose a serious disposal problem since a majority of soils in Iowa
currently test high is soil test P (STP).  Manures contain many nutrients essential for crop
production.  However, over-application of nutrients such as N and P can negatively impact
water quality.  Much attention has been given to N accumulation in drinking water supplies
and the potential health problems high nitrate concentrations can pose.  Over the past decade,
a larger emphasis has been given to P accumulation in surface waters.  Runoff from
agricultural fields, especially those receiving large amounts of animal manures, has been
targeted as a major threat to the quality of surface water resources.  As of 2004, in Iowa there
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are 213 surface water bodies that are considered impaired for a number of reasons, including
P (USEPA, 2006).  Current farming practices should be examined to reduce P pollution and
restore our natural waters.
Phosphorus losses can occur in fields by both surface and subsurface transport, with
the former being typically the most prevalent pathway in Iowa and the Corn Belt. 
Subsurface flow can be an important pathway for P loss with very high STP levels and soils
with coarse texture that do not abound in Iowa.  Overland flow can carry P held by sediments
as well as P dissolved in water (Sharpley, 1999).  Considerable P losses occur in instances
where soil erosion concerns are high.  Sediment P includes P both bound by soil particles and
associated with organic matter and has been reported to account for 60 to 90% of P
transported in surface runoff (Sharpley et al., 1992).  Dissolved forms of P come from
various sources including fertilizer, soil, plant material, as well as manure.  Most forms of
dissolved P are readily available for biological uptake but particulate P forms become
available over time (Sharpley, 1999). 
Routine soil P tests have been used extensively as estimates of plant available P in the
soil.  Sharpley (1995) found that concentrations of several P forms in runoff were significant
and linearly related to Mehlich-3 P (M3P) concentrations within few cm of topsoil.  While
these tests may correlate to soil P loss scientists have developed tests specific to estimate P
losses in runoff (Hansen et al., 2002).  Tests measuring soil water-extractable P (WEP),
bioavailable P (BioP) (also known as algal available P), and total P (TSP) have been used by
many researchers while studying P losses (Andraski et al., 1985; Sharpley, 1997; Sharpley,
1999; Kleinman et al., 2002b; Daverede et al., 2003 ).
Manures of non-ruminant animals tend to have low ratios of N:P because they are not
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able to fully process feed P forms such as phytate (McNab and Boorman, 2002).  Typically,
in Iowa manure is applied according to N needs for corn (Zea mays L.), although many
poultry producers or farmers who buy poultry manure from brokers apply lesser amounts to
reduce the tonnage being applied.  Since the ratio of P to N in manures, especially poultry,
often is higher than the P:N ratio commonly applied while fertilizing corn, applying
according to N can lead to an over-application and enrichment of P in surface soils.  Sharpley
et al. (1993) found that poultry manure increased TSP and Bray-P1 soil P fractions 2 to 13
fold.  Most of this increase was in the top 5 cm of the soil profile.  Later, Sharpley (1995)
incubated poultry manure with several soils for 7 days creating large differences in Mehlich-
3 soil P levels.  Runoff DRP, BAP, and TP were all significantly increased by manure
application rate and were related to M3P levels.  However, large differences did exist
between runoff P for separate soil series.
Surface applied manures can pose a serious threat to water quality since the inorganic
or organic soluble P fractions in manures can be water extractable.  Edwards and Daniel
(1993) measured P runoff from fescue (Festuca arundinacea Schreb) pastures 1 day after
poultry litter (poultry manure mixed with bedding materials) application.  Increasing the
amount of litter applied increased runoff P concentrations and loads. Increasing rainfall
intensity decrease runoff P concentration because of dilution of P with the increased runoff
volume.  Edwards and Daniel (1994) compared runoff P from plots receiving inorganic P
fertilizers with those receiving poultry litter and found that runoff P concentrations were
highest in plots receiving commercial fertilizers.
Incorporation of manure into soils is recommended to reduce N losses though
volatilization and may be an effective means to reduce P losses.  Andraski et al. (1985)
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compared several tillage practices and found that conservation tillage reduced P
concentrations in runoff by controlling soil erosion.  Kleinman et al. (2002b) compared P
losses from three manure sources and diammonium phosphate.  Incorporation of P into the
soil decreased P losses relative to surface application.  The researchers also found a high
correlation between DRP in runoff and MWSP in manure.  Daverede et al. (2003) found a
significant relationship between TP and sediment concentrations in the runoff.
No research has been conducted in Iowa to assess the potential risk of P loss with
runoff immediately after poultry manure application, although several projects have studied
effects of poultry manure application on P loss with artificial subsurface drainage.  Several
rainfall simulations were conducted in farmers' fields in conjunction with a larger project
examining the P availability for corn in poultry manure.  Therefore, the objectives of this
study were to use a rainfall simulation technique to (1) examine the impacts of poultry
manure application on runoff P concentration and loads for runoff events occurring shortly
after application and (2) to examine the effects of incorporation versus non-incorporation of
the manure into the soil on P losses.
MATERIALS AND METHODS 
Field Trial Design
The objectives of this study were achieved by superimposing rainfall simulation
experiments onto small sections of eight replicated field strip-trials established during 2004
and 2005 in Iowa farmers’ fields that were designed to assess effects of poultry manure
application on yield of corn.  Treatments included three manure application rates consisting
of a non-manured control and manure rates intended to supply 84 and 168 kg total N ha-1
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based on total manure N information supplied by the farmers.  Even though application rates
were based on preliminary nutrient concentrations, the manure was sampled while being
applied to better estimate amounts of nutrients applied.  Manure was applied with a broadcast
spreader used by each farmer or custom applicators, to strips measuring from 152 to 562 m
long and 9.1 to 18.2 m wide depending on planting widths and available space.  All spreaders
were calibrated by project personnel outside the trial areas just prior to manure application
by weighing the application equipment using portable scales before and after spreading
manure over a length of at least 33 m.  The high manure rate was applied by spreading the
low rate twice over the same area.  One to three spreader passes were used within each strip
depending on application width.
At each site, areas of each strip (nine strips, from three treatments and three
replications) with seemingly uniform soil and slope were selected for the rainfall simulation
study as the manure was applied.  Trial locations, as well as soil types and selected soil
analyses of the chosen areas, are listed in Tables 1 and 2. 
Manure was either purchased commercially or was supplied by the farmers.  Six
manure samples were taken from different loads while the manure was being applied.  The
manure samples were kept frozen at -4o C for storage until chemical analysis.  Prior to
analysis, the manure was dried at 105 oC for 16 hr to determine moisture content and tested
for total N by EPA method 351.2 (US EPA Environmental Monitoring and Support
Laboratory, 1979.), total P (MTP), K, and Ca by a modified EPA method 3051 (US Office of
Solid Waste, and US National Technical Information Service, 1999.), pH (1:2 solids:water),
and water-soluble P (MWSP) concentration (Kleinman et al., 2002a).  Table 3 shows
selected chemical properties of manures used at each site and Table 4 shows the nutrient
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application rates.  Manure N:P ratios ranged from 1.3:1 to 2.95:1, the N and P analyses of the
actual manure applied often differed greatly from the analysis provided by the farmers and,
therefore, the total P application rates were not the same across sites.  Iowa State University
recommendations for P applied for a 2-year corn-soybean [Glycine max (L.) Merr.] rotation
are 50 kg P ha-1 (Sawyer et al, 2002).  Most low rates applied in this study were higher than
this level indicating that there might be a greater potential loss of P due to over application.
To measure initial soil P, a composite soil sample of 12 soil cores was taken from the
0-15 cm layer of the soil from the small plot areas of each strip prior to manure application. 
Samples were tested for P by the Bray-P1, Olsen, and M3P tests using a colorimetric P
determination method (Murphy and Riley, 1962); for K, Ca, Al, and Fe by the Mehlich-3
test; and for pH by using a 1:1 soil:water ratio.  Little difference was found between the three
P tests therefore only the M3P will be used.  The laboratory procedures followed procedures
recommended for the North Central Region by the North Central Region Soil and Plant
Analysis Committee, NCR-13 (Brown, 1998).  Soil organic matter was measured using a
combustion method (Wang and Anderson, 1998).  Table 2 shows summarized information
about initial soil-test values.  In addition, soil WEP and BioP was measured.  Water-
extractable P was determined by the procedure described by Pote et al. (1996), which
consisted on shaking 1 g of soil with 25 mL of deionized water for 1 h, centrifuging for 5
min at 266 m s-1 (27,100 x g), and filtering through Whatman no. 42 filter paper.  Bio-
available P was measured by the method by Chardon (2000).  Briefly, Fe-oxide impregnated
filter paper was prepared by immersing 15-cm diameter Whatman No. 50 filter papers in a
solution containing FeCl3@6H2O, removing discs, letting them dry at room temperature,
immersing them in a 2.7M NH4OH solution to convert FeCl3 to Fe-oxide, and letting them
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dry at room temperature.  Soil P was extracted by shaking 1 g of dried soil and one paper
disc in 30 mL of 0.01M CaCl2 for 16 h, removing the disc, rinsing the disc free of attached
particles, letting them dry at room temperature, and removing adsorbed P by shaking discs in
40 mL of 0.1M H2SO4 for 1 h.  Particle size distribution was determined according to a
procedure by Kettler et al. (2001).
Rainfall Simulation Methods and Runoff Analyses
Manure incorporation and non-incorporation treatments were established
immediately after manure application to one-half of small areas selected at each manure
treatment strip (nine, from three treatments and three replications).  Because of the strip
width, and to avoid strip borders and to avoid runoff from one plot reaching the other, plots
for two tillage treatments were set up approximately 5 to 10 m from each other.  The tillage
implement used was a disk harrow at Sites 1, 2, and 4; a chisel plow at Site 5, and a roto-
tiller at Sites 3, 6, 7, and 8.  Three-sided boxes were constructed with galvanized steel
measuring 1.5 m wide, 2 m tall, and 10 cm high and were carefully set into the soil at a depth
of 7.5 cm.  The boxes typically encompassed two soybean rows and were established in areas
without wheel tracks.  A flume was installed on the open end of each box located down the
slope to collect plot runoff.  Water from the spray nozzle was excluded from the flume by
installing a cover over top.  A 10 cm plastic pipe was installed adjacent to the flume to funnel
the water into a plastic collection vessel. Simulated rainfall was applied at most sites 1 to 2
days after manure application, except for Site 3 where manure was applied in the winter.
A design by Miller (1987) was slightly modified and was used to build a rainfall
simulator.  Water was applied by a Veejet HH-SS50 WSQ nozzle (Spraying Systems,
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Wheaton, IL) supported by a cube frame constructed of Al pipes and was placed 3 m above
the center of the rained on area.  This design applied a uniform amount of rainfall on an area
5 m in diameter based upon preliminary calibrations with collector pans.  Simulated rainfall
was applied at 76 mm h-1 (energy of 0.278 MJ ha-1 mm-1) until 30 min of runoff occurred. 
The rainfall intensity and duration used has a recurrence interval of approximately 10 yr
(Huff and Angel, 1992).  The resulting runoff was collected in total, weighed, and a 1-L
sample was collected after vigorously stirring the collection container.  An additional 20-mL
sample also was collected from the 1-L sub-sample for DRP analysis by filtering it in the
field through a 0.45-:m pore size nylon membrane filter.  Plots were pre-wet approximately
30 min prior to beginning simulation at a rate of 7 L min-1 to the point where runoff began. 
Source water was sampled each day and later analyzed for DRP.  Concentrations of DRP in
source waters was found to be very low so data are not presented.  All samples were kept in
insulated boxes and stored in a cold storage room (4 to 5 "C) until analysis.
Runoff samples were analyzed for DRP, BAP, and TP.  Dissolved reactive P was
determined on filtered samples (as described above) by the ammonium-molybdate ascorbic-
acid method (Murphy and Riley, 1962).  Unfiltered runoff was used to test for BAP and TP. 
Bioavailable P in runoff was determined with a method similar to that which was used for
testing soil BioP.  An alkaline-oxidation method (Dick and Tabatabai, 1977) adapted to an
aluminum digestion block (Cihacek and Lizotte, 1991) was used to test for runoff TP.  Total
solids (TS) in runoff were analyzed with a method of the American Public Health
Association (APHA, 1998).
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Statistical Analysis
The experimental design was a randomized-block, split-plot design with manure
treatments in main plots and tillage treatments in subplots.  Statistical analysis was
conducted using the PROC MIXED procedure in SAS (SAS Institute, 2000) assuming fixed
treatment effects and random block effects.  When manure rate or the interaction manure rate
by tillage was significant (P # 0.10), differences in treatment means were tested by using
orthogonal comparisons.  For manure mean effects, comparisons were the average of the two
manured treatments versus the non-manured control and the difference between both
manured treatments.  The sums of squares of the interaction between manure and tillage
treatments were partitioned to manure treatment effects for tillage or no-till treatments using
the rate comparisons described above.  Procedures CORR and REG of SAS (SAS Inc.
Raleigh, NC) were used to assess relationships between selected measurements. 
RESULTS AND DISCUSSION
Site Variability
Soil-test P values varied greatly across sites.  Most sites had histories of manure
application, STP were not as high as many manured fields.  Mehlich-3 soil P values ranged
from 8 to 52 mg P kg-1 in the upper soil profile (0-15 cm).  Water-soluble P was low in
comparison to Mehlich-3 P levels, and ranged from 1.0 to 9.4 mg P kg-1.  The relative values
for M3P and WEP tests was in agreement with previous Iowa research (Atia and Mallarino,
2002).  The texture of the soils ranged from loam to clay-loam, and clay content ranged only
from 134 to 244 g kg-1.
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Runoff P Concentration
Manure application significantly (P # 0.10) increased DRP concentrations in runoff
at five sites (Sites 1, 2, 3, 6, and 7) (Table 5).  Increases in DRP concentrations were greater
when manure was not incorporated.  At three sites (Sites 2, 6, and 7) the two manure rates
significantly differed from each other.  Significant effects of tillage were observed at all sites
except for Site 5. Significant interactions between manure and tillage were significant at
Sites 1, 2, 3, and 7.  A partition of the interaction sums of squares indicated that at all these
sites manure application significantly increased DRP concentration only when the manure
was not incorporated into the soil.  The largest differences between manured and un-manured
plots were seen at Sites 1, 2, and 6.  Greater runoff DRP concentrations at these sites was
most likely due to high MWSP concentration in manure or high manure application rates. 
Figure 1 shows that the relationship between the amount of MWSP applied and DRP
concentration in runoff for the manured plots was linear.  Incorporating manure drastically
decreased the concentration of DRP per kg MWSP applied, and the rate of DRP increase
(linear coefficient) was about 10 times greater when the manure was not incorporated. 
Incidentally, the MWSP concentration was not correlated with runoff DRP concentration
within or across sites (not shown).
Figure 2 summarizes treatment effects on DRP using mean results across all sites.  As
for the individual sites, manure application did not increase DRP significantly over the
control when the manure was incorporated.  When manure was not incorporated, however,
DRP concentration in runoff increased significantly.  In the control plots, DRP
concentrations were statistically similar between incorporated and un-incorporated
treatments.
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The concentration of runoff BAP (Table 5) was increased significantly by manure
application at six sites (Sites 1, 2, 3, 6, 7, and 8).  At Sites 2, 3, 6, 7, and 8, BAP
concentrations significantly differed between manure rates.  Incorporation significantly
affected runoff BAP concentration at all sites except for Site 5.  At sites 1, 2, 3, 7, and 8 there
were significant interactions between manure and tillage.  At all these sites manure
application affected BAP concentration only when the manure was not incorporated by
tillage.  Significant responses for BAP followed closely of that for DRP.  The only exception
was at Site 8 where the manure effect was significant for BAP, but not for DRP.  There was a
strong linear relationship between BAP and DRP concentrations (Fig. 4).  Overall, DRP
constituted a large part of the total BAP concentration averaging around 82% of BAP.  A
study of this effect by tillage and manure rates indicates that DRP expressed as a proportion
of BAP was larger when manure was applied compared with the check plots, but was not
clearly influenced by incorporation with tillage. In the tilled plots, DRP plots averaged 57,
75, and 88% of BAP in the check, low, and high rates, respectively.  In untilled plots, DRP
was 66, 94, and 81% of BAP for the same treatments.  Runoff BAP concentration across
sites (Fig. 2) was significantly increased by manure application with no incorporation. 
Results for both DRP and BAP indicate a large potential for P loss and water quality
impairment if a runoff events would occur immediately after manure application.
Total P concentration in runoff (Table 5) was significantly increased by manure
application at six sites (Sites 1, 2, 3, 5, 6, and 7), and the higher manure rate was
significantly greater at Sites 3 and 7.  Manure incorporation by tillage, regardless of the rate
applied, significantly decreased runoff TP concentration compared with not incorporating
manure at four sites (Sites 1, 2, 3, and 7), but increased it slightly at one site (Site 8).  It is
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possible that increased sediment loss due to tillage at Site 8 (Table 6) caused the increase at
this site.  There were significant manure by tillage interactions at four sites (Sites 1, 2, 3, and
7).  At these sites, manure application increased runoff TP significantly only when manure
was not incorporated by tillage.  Runoff TP and total solids concentrations were found to be
highly correlated under incorporation (Fig. 3).  There was a positive linear correlation
between runoff TP and TS concentrations, and R2 values were higher for the tilled plots than
for the untilled plots.  Differences were most likely due to the fact that most of the TS in the
untilled plots were coming from the manure rather than the soil and there was considerable
variability between plots receiving manure without incorporation.  Averaged across sites,
responses for TP concentrations were similar to that for DRP and BAP (Figure 2).  Manure
significantly increased TP concentration in untilled plots while there were no significant
differences in tilled plots.
We cannot explain with certainty the non-significant or inconsistent manure and
tillage effects on Sites 4, 5, and 8.  At Sites 4 and 5, the results might be explained by the low
P application rate (Table 4), which was the lowest among all sites, and low runoff P
concentrations.  A Site 8, the total P applied was not among the lowest in the study but the
amount of MWSP applied was the lowest.
Figure 5 shows relationships between TP and DRP or BAP in runoff across sites and
treatments.  On average, DRP and BAP were 0.45 and 0.54 times TP, respectively. 
However, the proportion of TP as either DRP or BAP was different for the different
treatments.  Dissolved reactive P averaged 8, 28, and 24% for tilled plots and 24, 49, and
59% for non-tilled plots for check, low, and high manure rates, respectively.  Bio-available P
averaged 14, 32, and 31% for tilled plots and 36, 52, and 73% for non-tilled plots for the
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check, low, and high manure rates, respectively (data are based on treatment averages from
Table 5).  These results are interesting as they indicate that the proportion of TP as DRP and
BAP increases with tillage and manure application.  Another interesting comparison is
between tilled and untilled treatments for the non-manured control.  Both DRP and BAP
were a higher proportion of TP for untilled plots, which is reasonable because sediment loss
was less than for the tilled treatment (Table 6) and more of the TP would be in a dissolved
form.
Runoff P Loads
Runoff DRP, BAP, and TP loads were highly correlated with runoff P concentrations
(Table 7).  The highest correlation between runoff P concentration and P load was for TP in
tilled plots.  However, a high variation among replications or manure treatments in runoff
volume probably had an effect on P loads since there were fewer significant treatment effects
for P loads as compared to P concentrations.
Manure treatments affected DRP loads significantly at five sites, tillage effects were
significant at six sites, and interactions were significant at three sites (Table 8).  The five
sites where manure increased DRP loads were the same where manure increased DRP
concentration.  However, at Site 7 manure affected DRP concentration but not DRP loads,
and at Site 8 manure affected DRP load but not DRP concentrations.  Concerning
incorporation effects on loads, manure application did not affect DRP concentration at Site 5
but affected DRP loads significantly, while at Sites 4 and 6 manure affected DRP
concentrations significantly but not DRP loads.  Both responses may be explained by
significant differences by treatment in runoff volumes at each site (Table 6).
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Responses for BAP loads were similar to that of DRP loads (Table 8).  In most cases
if a treatment significantly impacted DRP loads, BAP loads were significantly impacted as
well which follows since DRP and BAP concentrations were affected similarly.  Significant
differences for both treatments were observed in one less site for both manure and tillage. 
Interactions between manure and tillage indicated for both DRP (Sites 2, 3, and 8) and BAP
(Sites 1, 2, and 8) that manure application significantly increased both DRP and BAP loads
only under no incorporation.  Correlations between DRP and BAP loads were high for both
tilled (r = 0.93) and untilled (r = 0.97) plots (Table 7).
Manure and tillage (incorporation) treatments did not impact TP load as often as DRP
or BAP loads (Table 8).  Manure affected TP significantly only at Site 2, tillage affected it at
Sites 1, 2, 3, and 7, and the interaction between manure and tillage was significant at Sites 1,
2, and 3.  Again, where interaction terms were significant, manure treatments only differed in
un-incorporated plots.  The reason for fewer significant treatment effects on TP loads than
for the other fractions was probably due to high variability in sediment concentration in
runoff.
CONCLUSIONS
The results at five sites of this study showed that runoff DRP, BAP, and TP
concentrations and loads shortly after application were consistently much greater when the
manure was not incorporated into the soil.  Differences were not statistically significant or
were inconsistent across runoff fractions at three sites.  The results for these three sites were
explained by much lower application rates of manure total P or WEP compared with other
sites.  The sediment loss was higher with tillage.  However, the potential P loss from P
97
associated with sediment was not high enough to surpass the amounts of total and dissolved
P lost from plots with surface applied manure.  Another important result was that the
relationship between manure WSP applied and DRP concentration in runoff was highly
significant and linear for both incorporated and not incorporated manure.  However, the rate
of DRP increase as the rate of manure WEP applied increased was 10 times steeper for non-
incorporated manure.
It is important to emphasize that this study assessed P loss from surface applied
poultry manure only at rainfall events shortly after manure application and using a rainfall
simulation technique.  Expression of the potential for P loss demonstrated in the study will
largely depend on the probability of a runoff event shortly after application, the time between
application and the runoff event, and undetermined reactions of manure P with the soil. 
More research needs to be conducted to examine how these factors modify potential P losses
indicated in this study.
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Table 1. Site locations and soil series information.
Soil Information Particle Size Analysis
Site County Series Subgroup Sand Silt Clay
-----------g kg-1----------
  1 Union Sharpsburg Typic Argiudoll 176 599 225
  2 Union Sharpsburg Typic Argiudoll 219 599 182
  3 Greene Clarion Typic Hapludoll 562 303 134
  4 Buena Vista Primghar Aquic Hapludoll 171 657 172
  5 Cherokee Galva Typic Hapludoll 125 682 193
  6 Washington Nevin Pachic Argiudoll 436 357 206
  7 Dallas Clarion Typic Hapludoll 375 412 213
  8 Wright Okaboji Vertic Endoaquoll 244 517 240
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Table 2. Initial soil-test information.
Soil Analysis
Mehlich-3
Site P Ca Al Fe BioP† WEP‡ pH OM § 
----------------------mg kg-1-------------------- --g kg-1--
  1 8 3689 871 145 5.6 1.0 6.8 4.0
  2 15 2174 698 192 11.9 2.1 6.6 4.7
  3 52 1992 789 150 22.4 9.4 6.3 2.7
  4 12 3000 916 139 10.5 1.5 5.9 3.8
  5 13 3146 1016 146 9.7 1.6 6.2 4.5
  6 28 1665 715 133 12.9 5.0 6.2 2.4
  7 16 2864 676 169 10.8 3.2 6.4 3.6
  8 30 4142 161 61 9.0 2.6 7.8 8.1
†
 Bioavailable soil P according to the FeO impregnated paper test.
‡
 Water-extractable P.
§
 Soil organic matter.
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Table 3. Manure types and chemical analyses.
Manure analysis †
Site Type ‡ Moisture TN MTP MWSP§ TCa pH
------------g kg-1-------------
1 B 493 56 29 12.1 39 7.7
2 B 484 62 27 11.3 32 7.1
3 L 152 45 18 3.1 122 8.2
4 T 390 45 22 6.7 47 6.8
5 T 364 42 18 6.0 35 8.2
6 T 329 30 23 5.8 39 8.0
7 P 272 54 25 4.1 53 7.4
8 P 371 59 20 1.5 114 8.1
†
 Manure analysis on a dry weight basis: TN, total N; MTP, total P; MWSP,
manure water-soluble P.
‡
 Manure Type: B, Broiler; L, Layer; P, Pullet; T, Turkey.
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Table 4. Manure application rates and nutrients applied.
Nutrients Applied †
Phosphorus
Rate† Nitrogen Total Water Soluble
Site Low High Low High Low High Low High
---Mg ha-1--- -------------------kg ha-1------------------
1 2.2 4.2 120 233 63 123 26 51
2 2.2 4.3 135 263 58 113 25 48
3 3.2 5.3 141 235 56 94 10 17
4 1.7 3.1 78 138 38 67 12 21
5 1.2 2.8 49 116 21 50 7 17
6 8.2 13.9 244 414 187 318 47 81
7 3.9 6.0 210 323 97 148 16 25
8 2.8 5.9 166 344 57 119 4 9
†
 As calculated on a dry weight basis.
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Table 5. Runoff dissolved reactive, bioavailable, and total P concentration response to
manure application and incorporation with tillage.
Runoff Dissolved Reactive P Concentration
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
---------------------- mg P kg-1 ----------------------- --------- P > F --------
1 0.04 0.72 2.21 0.09 27.51 23.62 0.04 0.02 0.09
2 0.07 0.68 1.43 0.45 15.80 42.60 0.01 0.01 0.01
3 0.33 1.21 1.23 0.24 3.18 2.81 0.02 0.01 0.01
4 0.37 0.45 0.42 0.76 1.34 1.33 0.55 0.03 0.66
5 0.11 0.08 0.34 0.15 0.30 0.63 0.43 0.12 0.51
6 0.24 2.19 5.77 0.28 12.09 22.89 0.05 0.06 0.23
7 0.19 0.51 0.51 0.24 3.24 8.23 0.03 0.01 0.02
8 0.54 0.59 0.70 0.53 0.88 1.12 0.18 0.03 0.11
Runoff Bio-available P Concentration
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
---------------------- mg P kg-1 ----------------------- --------- P > F --------
1 0.19 1.14 2.41 0.21 29.28 36.31 0.01 0.01 0.01
2 0.19 1.46 1.76 0.86 18.40 52.12 0.01 0.01 0.01
3 0.58 1.35 1.38 0.48 1.48 2.66 0.01 0.10 0.10
4 0.62 0.76 0.75 0.95 1.56 1.69 0.37 0.05 0.59
5 0.29 0.24 0.37 0.23 0.44 0.67 0.52 0.18 0.37
6 0.31 2.24 5.89 0.43 13.01 22.48 0.03 0.02 0.13
7 0.23 0.55 0.60 0.33 2.99 8.48 0.03 0.01 0.03
8 0.80 0.81 0.97 0.70 1.04 1.63 0.09 0.01 0.02
Runoff Total P Concentration
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
---------------------- mg P kg-1 ----------------------- --------- P > F --------
1 5.72 7.18 10.30 1.82 56.68 44.62 0.05 0.03 0.09
2 5.31 7.78 9.43 2.51 45.51 104.18 0.01 0.01 0.02
3 2.01 2.02 2.43 1.26 4.93 4.11 0.08 0.04 0.10
4 1.74 2.96 2.86 1.87 3.10 2.65 0.13 0.96 0.93
5 2.39 1.68 4.10 0.97 1.46 2.55 0.08 0.11 0.56
6 0.74 2.47 7.71 0.73 16.30 28.64 0.05 0.09 0.27
7 1.21 1.04 1.81 1.72 4.41 11.00 0.05 0.01 0.07
8 2.70 3.11 2.22 0.72 2.38 1.90 0.40 0.04 0.18
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Table 6. Total runoff amount and runoff total solids concentration and loads response to
manure application and incorporation with tillage.
Total Plot Runoff
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
---------------------- kg 30 min-1 ----------------------- --------- P > F --------
1 31.9 40.0 41.1 26.4 45.9 63.6 0.03 0.31 0.16
2 52.3 53.1 47.2 40.9 24.3 32.7 0.63 0.05 0.58
3 30.6 16.6 20.4 28.1 24.0 34.1 0.52 0.45 0.66
4 18.9 22.8 22.1 17.7 13.6 12.2 0.98 0.29 0.81
5 3.8 3.7 2.6 27.8 5.5 11.5 0.14 0.02 0.13
6 13.9 25.1 42.2 20.8 16.0 54.9 0.07 0.70 0.57
7 11.4 21.9 16.5 23.0 20.0 14.6 0.67 0.68 0.58
8 34.0 55.6 63.9 17.2 38.3 75.7 0.06 0.33 0.25
Runoff Total Solids Concentration
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
------------------------ g  kg-1 ------------------------- --------- P > F --------
1 9.0 7.4 10.3 5.3 3.2 2.6 0.58 0.01 0.21
2 6.7 12.6 7.5 5.8 2.8 5.3 0.82 0.03 0.08
3 2.5 1.0 0.9 1.1 1.0 0.8 0.06 0.13 0.14
4 1.7 3.7 4.2 1.5 1.9 1.1 0.24 0.02 0.13
5 2.7 2.2 2.9 0.8 1.1 1.0 0.75 0.01 0.41
6 1.9 2.5 2.7 1.8 2.0 2.5 0.14 0.48 0.75
7 2.3 1.4 1.6 0.9 1.2 1.4 0.85 0.19 0.47
8 2.4 2.5 2.1 0.7 0.7 1.3 0.91 0.01 0.27
Runoff Total Solids Load
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
---------------------- g 30 min-1 ----------------------- --------- P > F --------
1 289.0 304.2 411.2 180.6 157.2 166.3 0.73 0.05 0.58
2 352.5 601.0 352.0 215.9 72.8 168.6 0.52 0.01 0.01
3 60.8 17.0 19.5 30.9 20.8 29.5 0.07 0.40 0.18
4 33.4 98.2 101.3 19.7 16.5 12.5 0.32 0.01 0.21
5 10.4 8.3 8.6 20.4 5.7 10.7 0.29 0.43 0.44
6 26.3 55.1 120.2 35.1 31.4 143.8 0.08 0.67 0.44
7 28.1 32.6 23.9 21.0 24.8 18.4 0.82 0.79 0.34
8 87.6 141.4 132.8 11.8 30.9 100.4 0.32 0.02 0.29
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Table 7. Correlation coefficients among measured variables in runoff by tillage (manure
incorporation) treatments  (n = 24).†
DRP BAP TP TS Runoff
DRP
load
BAP
load
TP
load
Tilled plots
BAP 0.95
TP 0.49 0.55
TS 0.09 0.14 0.75
Runoff 0.23 0.32 0.52 0.41
DRP load 0.84 0.88 0.65 0.25 0.58
BAP load 0.91 0.84 0.54 0.17 0.42 0.93
TP load 0.43 0.51 0.89 0.65 0.75 0.58 0.74
TS load 0.15 0.24 0.79 0.90 0.69 0.28 0.44 0.86
Untilled plots
BAP 0.97
TP 0.96 0.95
TS 0.36 0.38 0.40
Runoff 0.36 0.36 0.32 0.23
DRP load 0.92 0.94 0.88 0.35 0.51
BAP load 0.94 0.90 0.88 0.34 0.49 0.97
TP load 0.94 0.92 0.94 0.39 0.46 0.97 0.96
TS load 0.47 0.48 0.48 0.86 0.62 0.54 0.54 0.56
†
 Coefficients $ 0.33 are significant at P < 0.10.
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Table 8. Runoff dissolved reactive, bioavailable, and total P loads response to manure
application and incorporation with tillage.
Runoff Dissolved Reactive P Load
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
--------------------- mg P 30 min-1 ----------------------- --------- P > F --------
1 1 22 94 3 1420 1502 0.07 0.03 0.13
2 4 29 70 15 357 1424 0.03 0.02 0.03
3 13 20 22 6 57 96 0.03 0.02 0.05
4 7 10 10 15 19 30 0.80 0.27 0.86
5 1 1 1 4 2 2 0.59 0.02 0.20
6 3 72 250 5 203 1256 0.10 0.17 0.28
7 2 5 10 5 65 103 0.14 0.03 0.18
8 18 33 45 9 32 84 0.01 0.05 0.01
Runoff Bio-available P Load
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
--------------------- mg P 30 min-1 ----------------------- --------- P > F --------
1 6 43 105 6 1437 2309 0.01 0.01 0.03
2 10 80 87 35 427 1757 0.03 0.02 0.03
3 20 23 26 14 48 91 0.10 0.08 0.15
4 12 20 17 17 22 42 0.59 0.42 0.66
5 1 1 1 6 3 5 0.48 0.03 0.55
6 4 71 237 7 219 1119 0.09 0.15 0.28
7 3 13 11 6 61 107 0.16 0.02 0.13
8 26 45 62 12 38 123 0.01 0.05 0.01
Runoff Total P Load
Incorporated Manure Un-incorporated Manure Statistics
Site Check Low High Check Low High Manure Tillage M x T
--------------------- mg P 30 min-1 ----------------------- --------- P > F --------
1 181 286 431 61 2910 2840 0.26 0.01 0.01
2 277 416 465 101 1032 4095 0.01 0.02 0.03
3 64 35 47 30 78 141 0.16 0.09 0.03
4 33 77 67 30 38 41 0.50 0.27 0.73
5 9 6 12 27 9 22 0.41 0.18 0.66
6 10 589 328 11 265 1557 0.22 0.44 0.31
7 13 18 30 37 85 132 0.19 0.02 0.35
8 103 173 141 12 97 147 0.36 0.15 0.42
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Figure 1. Relationship between runoff dissolved reactive P concentration versus water-
soluble P applied with manure.
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Figure 2. Runoff dissolved reactive, bioavailable, and total P as affected by manure
application and incorporation (means across sites).  ns, non-significant; *, significant
difference from the control at P < 0.10; **, significant difference from both the control and
low manure rate at P < 0.10.
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Figure 3. Relationship between total P (TP) and total solids (Sed) concentrations in runoff.
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Figure 5. Relationship between total P (TP) concentration in runoff and dissolved reactive P
(DRP) or bioavailable P (BAP) concentrations in runoff.
115
CHAPTER 5. GENERAL CONCLUSIONS
This research was conducted to investigate the role of poultry (including both chicken
and turkey) manure as a P fertilizer source for corn  production in Iowa.  Twelve trials were
established in farmers’ fields to compare poultry manure and fertilizer P sources using a non-
manured control and a low and high manure application rate plus fertilizer P treatments
consisting of 0, 25, and 50 kg-P superimposed on the manure treatments.  Trials were
conducted with three specific objectives that were the focus of three potential papers to be
published in journals of the American Society of Agronomy.  First, to assess the effects of
poultry manure application rates commonly used by farmers on early corn growth and the
early availability of P.  Second, to use poultry manure application equipment commonly used
by producers in combination with conventional field-plot research methods to assess the
potential need for supplemental P fertilization after applying poultry manure for grain yield
production and to study how various soil P extractants assess soil P levels after applying
manure or fertilizer P and crop harvest.  Third, to use a rainfall simulation technique to
examine the impacts of poultry manure application with or without being incorporated into
the soil on runoff P concentration and loads for runoff events occurring shortly after
application.
Corn early growth, P concentration, and early P uptake responses were observed in
most sites and largely independent of initial soil P values.  Manure alone was enough to
maximize corn early growth and P uptake without the supplemental addition of P fertilizer. 
Study of early growth and P uptake response to manure and fertilizer P showed no clear
differences between the P availability of either source.  Three routine soil P tests (the Bray-
P1, Mehlich-3, and Olsen) correlated well with each other for soil samples collected after
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treatments were applied and early during the growing season when corn was at the V5 to V6
growth stage.  However, the water-extractable P test measured less soil P and was not well
correlated with any of the routine tests.  The water-extractable P test measured less P from
manured soils than from fertilized soils, a result not observed for the three routine tests.  This
result indicates that the water-extractable P test is more sensitive to the amount of water-
soluble P supplied by the nutrient sources.  Previous research showed that this difference
between tests is not relevant for assessing availably P for crops but could be significant for
assessments of the risk of P loss from fields through surface runoff or subsurface drainage.
Grain yield was increased by both manure or fertilizer P usually when STP was
Optimum or lower according to Iowa State University soil-test interpretation classes.  No
supplemental P fertilizer was required to statistically maximize corn grain yield when poultry
manure was applied.  Manure and fertilizer increased grain P concentration and P removal at
several sites but the responses were not related to initial STP values.  Phosphorus application
often increased grain P removal even when grain yield was not increased, which indicated P
accumulating in the grain even after needs to maximize yield were met.  Effects from manure
and fertilizer P or both on post-harvest STP levels were significant at most sites. 
Comparisons of STP measured by the three routine tests provided inconclusive evidence for
difference in their assessment of residual P from manured or fertilized soils.  However,
results for the water-extractable P test were similar to results from the in-season sampling
date in that this test measured less P from manured soils than from fertilized soils.  Post-
harvest STP levels for plots receiving rates of poultry manure P that are commonly used by
farmers showed significant soil P buildup.
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Results of the rainfall simulation study showed that incorporating poultry manure into
the soil by tillage before a runoff event immediately after application greatly reduces the risk
of P loss with surface runoff.  Runoff dissolved reactive P, bio-available P, and total P
concentrations and loads were several times higher when manure applied to the soil surface
was not incorporated into the soil before runoff.  All three runoff P fractions were linearly
correlated with each other.  Overall, dissolved reactive P comprised 82% of the bio-available
P concentration, while dissolved reactive P and bio-available P were 45% and 54% of the
total runoff P , respectively.  Sediment loss was higher with tillage but increased loss of
sediment-bound P forms did not compare with the large losses of all P forms when the
manure was not incorporated, and runoff P was almost 10-fold less with incorporation. 
These results have to be interpreted with caution in that they indicate potential P loss for
runoff events immediately after applying poultry manure.  Actual P loss will largely depend
on the probability of a runoff event shortly after application, time between application and a
runoff event, reactions within the soil, and other factors that were not considered by this
study.
Overall, the study showed that poultry manure is a good P source for crops, that no
supplemental fertilizer P is needed after applying manure rates commonly used by producers,
and provided no evidence for a lower P availability in poultry manure compared with P
fertilizer for early corn growth and grain yield.  However, the study showed that repeated
application of poultry manure at those rates does result in significant soil P buildup that in
the long term would increase the risk of P loss from fields.  In the short term, the results
show that runoff events shortly after applying poultry manure to the soil surface results in
significant dissolved and particulate P loss with surface runoff and that the loss can be
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reduced almost 10-fold by incorporating the manure into the soil.  Therefore, the study
showed that, through careful incorporation into the soil and monitoring of soil-test P
accumulation poultry manure is an excellent P source for Iowa crops and does not
necessarily result in increased risk of P delivery to water resources.
